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Chosen by NASA for, , 


When potential moon germs were a threat " Sky-high microbicidal efficacy plus down- 
NASA had selected a broad-spectrum "See to-earth convenience disti inguish es 
BETADINE microbicide for decontamination LPP ges, BETADINE antiseptics. They kill bacteria 
of the lunar capsules in Apollo 11/12/14 BAS aa ye S=— (gram-positive and gram-negative), fungi, 
splashdowns. BS Si A ĉW i şĄ viruses, protozoa and yeasts. Yet they are 


Now NASA again selects a BETADINE virtually nonstinging, nonirritating and do 
microbicide for environmental protection not stain skin, mucosa, or natural fabrics. 
of Skylab astronauts against infection. ANG Hay Alle SNGRGBIS IN E VENOT Gi TORTS, 
BETADINE Solution is circling the earth in designed and formulated for specific uses 
orbit, to be used regularly for disinfection of Purdue Frederick 


certain equipment and for contingencies. © COPYRIGHT 1973, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 
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Chosen by NASA for Skylab mission! 


ILLUSTRATION: ARTIST'S CONCEPT OF SKYLAB IN ORBIT. COURTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
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| TheWeavenit vascular prosthesis. 
- Anideal porosity for ` 
better healing. 


enough to facilitate 
fast tissue ingrowth. 
It’s easier to form a 
firmly adhering 
neo-intima. 

Weavenit is a 
thin-walled graft, so 
there’s minimal tissue 
buildup. That’s 
important where 
a small diameter 
prosthesis is required. 
It assures long-term 
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WNP Ze: patency. 
pe sS It’s pliable and is 
The Weavenit graft has a easy to handle. It conforms to 
special warp knit structure — the anastomotic lines. What’s 
with more interstices — to more, Weavenit can be cut 
promote fast healing. These at any angle without ravelling 
interstices are both small or fraying. 
enough to allow sufficient Available in straight tubes, 
~ preclotting and porous bifurcations and patches. 
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Meadox Medicals 


PO. Box 530. 6 Raritan Road, Oakland, New Jersey 0743¢ 


Better by Design. 
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A Pilling-type light source tip and a 
comprehensive selection of fiber 
optic instrument couplings estab- 
lish the Dyonics Light Guide as the 
most widely adaptable bundle avail- 
able. The interchangeable couplings 
automatically reduce inventory re- 
quirements by allowing one fiber 
optic bundle to supply high intensity, 
“cool light” to the widest possible 
range of instrumentation. 





WOLF ADAPTOR 


Dyonics Light Guide fibers are en- 
closed in a non-conductive silicone 
MPC ADAPTOR sheath that permits maximum flexi- 
a bility and repeated autoclaving. 
Wrapped stainless steel casings 
guard the flexible glass fibers at 
— their ends where fractures most 
b PLASTIC AUTOCLAVE CANISTER likely occur during use. Each light 
guide is shipped in a clear, plastic 
canister for protection during sterili- 
zation, handling and storage. ~ 


® 
f=] RICHARDS MANUFACTURING COMPANY, INC., 
1450 BROOKS RD., MEMPHIS, TENN. 38116, A.C. 901 + 396-2121 


IN CANADA. RICHARDS SURGICAL LIMITED. 130 EAST DRIVE. BRAMALEA, ONTARIO, L6T 1C3, (416) 677-9744 
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-  Microbividal Powe, 


BETADINE Ointment 


Now...a variety of sizes to meet a variety of needs 


Packette 1/32 oz. 

Single-use size for degerming small skin 
areas, as inthe case of umbilical cord care 
and circumcision. 


Packette 1/8 oz. 

Single-use size for degerming small skin 
areas, as in the case of hyperalimentation 
and catheter care. 


Tube 1 oz. 

Multiple-use size for treating common skin 
infections... preventing infection in lacera- 
tions, abrasions and burns. 


Jar 1 Ib. 

Heavy-use size for treating infected stasis 
ulcers... burns...extensive skin areas or 
prolonged treatment. 


@ broad-spectrum microbicidal action—kills 
both gram-positive and gram-negative bac- 


, ” teria (including antibiotic-resistant strains), 
| fungi, viruses, protozoa and yeasts 


@ Virtually nonirritating...does not stain skin d 


intm ent and natural fabrics 


povidone-iodine m does not block air...site can be bandaged 


| ... water-soluble, washes off easily...not 
| ISEPTIC-GERMICIDE greasy orsticky...exerts prolonged action 
NET WT. 16 OUNCES (1 LB.) 
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pulmonary 
INfarcrion 
or pneumonia”? 


MANCO n: 
when nutritional 
supplementation 
IS INAICOtea 


Berocca is therapy 
tablets 


With balanced, high potency B-complex 
and C vitamins. ..No odor... 

Virtually no aftertaste... Lowest priced 
Rx formula. 








Indications: Nutritional supplementation in condi- 
tions in which water-soluble vitamins are required 
prophylactically or therapeutically. 


Warning: Not intended for treatment of pernicious 
anemia or other primary or secondary anemias. 
Neurologic involvement may develop or progress, 
despite temporary remission of anemia, in patients 


Please see complete product information, 
a summary of which follows: 


Each Berocca Tablet contains: 


with pernicious anemia who receive more than 0.1 
mg of folic acid per day and who are inadequately 
treated with vitamin B12. 


Dosage: 1 or 2 tablets daily, as indicated by 


> Thiamine mononitrate (Vitamin B;)......... 15mg clinical need. 
Riboflavin (Vitamin Bs).............-.---- 15mg Available: In bottles of 100 and 500. 

Pyridoxine HCl (Vitamin Be). ...........4.. 5mg 
IBC IVSINNOG 6 ic ccs sane 24o $464.04 dew as eo 100 mg 
Cabin päntotheñatė -oea 65.5a cde eens 20mg 
_Cyanocobalamin (Vitamin Bi2)............. Smeg 
PONG B0IG o ssi cae sPese eens s oe ean ae ees CMY 

í Ascorbic acid (Vitamin Chir esera diaesa 500 mg 
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Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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en Pain 
Cries for Relief! 


Start oral DILAUDID (hydromorphone) 
2 to 4 mg. every four hours... to 
alleviate moderate to severe pain... 
well tolerated... minimal sedation 


CONTRAINDICATIONS: Intracranial lesions associated with increased intracranial 
pressure, status asthmaticus. WARNINGS: May be habit forming. If given intravenously, 
injection should be given very slowly. PRECAUTIONS: Usual precautions for admini- 
stration of opiate analgesics should be observed; the possibility of respiratory 
depression should be kept in mind. If significant respiratory depression should occur, 
it may be antagonized by the use of nalorphine hydrochloride or levallorphan tartrate. 
ADVERSE REACTIONS: Nausea, vomiting, dizziness, somnolence, anorexia and consti- 
pation may occur. Rapid intravenous injection increases the possibility of hypotension 
and respiratory depression. HOW SUPPLIED: Tablets — 1 mg., 2 mg., 3 mg., 4 mg. 
Rectal Suppositories — 3 mg. in cocoa butter base. Ampules — 1 ml., 1 mg., 2 Mg., 
3 mg., and 4 mg. per mi. with 0.2% sodium citrate, 0.2% citric acid solution. Cough 
Syrup — 1 mg. Dilaudid hydrochloride and 100 mg. glyceryl guaiacolatg per 5 mi. 


A Schedule II (@) narcotic. Requires Federal BND order form. 


Dilaudid 


(hydromorphone) 
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Notice to Contributors and Subscribers 


The ANNALS OF SURGERY considers for publica- 
tion original articles only, papers which offer sig- 
nificant contributions to the advancement of sur- 


gical knowledge 


CONTRIBUTIONS. Original typed manuscripts 
and illustrations, plus three copies and 3 sets of 
illustrations, exchanges and book reviews should 
be forwarded prepaid, at the author’s risk, to the 
Chairman of the Editorial Board of the ANNALS 
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Jonathan E. Rhoads, M.D. 
1000 Ravdin Institute, 3400 Spruce St. 
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Manuscripts, as well as list of references, should 
be typed double spaced on one side of the paper, 
leaving wide margins. While every effort will be 
made to guard against loss, it is advised that au- 
thors retain copies of manuscripts submitted. The 
complete address for reprint requests should be 
included in. the title page. All pages should be 
numbered. 


Digits one to ten should be spelled out, ex- 
cept when used for units of measurement (time, 
weight, volume, dosage, degrees) percentage, or 
when decimals are involved; for numbers above 
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Dictionary and Websters International Diction- 
ary may be used as standard references. Scientific 
names for drugs should be used when possible. 
Copyright or trade names of drugs should be cap- 
italized. Units of measurement, e.g., dosage, 
should be expressed in the metric system. Tem- 
perature should be expressed in degrees centi- 
grade. Contributions in a foreign language, when 
accepted, will be translated and published in 
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Black and white illustrations will be repro- 
duced free of charge, but the publisher reserves 
the right to establish a reasonable limit upon the 
number supplied. Colored illustrations will be 
published, at the authors expense. Black and 
white. photographs should be in the form of glossy 
ptints. Line and wash drawings should be black 
on white paper, with lettering in black india ink, 
large enough to -be readable after necessary re- 
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tion in the order named. 


PUBLISHER'S NOTICES 


CHANGE OF ApprEss: Please allow 60 days be- 
fore date of issue for change of address. Notifica- 
tion should include the old as well as the new 
address, with indication of whether the change is 
temporary or permanent. Please give the name of 
the journal. | : è 


Copies will not be replaced without charge 
unless we receive a request within 60 days of the 
mailing in the U. S. or within 90 days in all other 
countries. 


Business Appress: Subscriptions, reprints, ad- 
vertising, and all business communications should 
be addressed to: 


ANNALS OF SURGERY 

J. B. Lippincott Co. ° 
East Washington Square- 
Philadelphia, Pa. 19105 


Published Monthly. Subscription Rates $20.00 
per year in the U. S., its possessions and Canada. 
All other countries $23.00. All prices include post- 
age. Single issues $3.00. Rate for Residents, U. S. 
only, $14.00. 


a 


The publishers accept no responsibility for “ 


opinions expressed by contributors. 


: 1 
a Y 
+» D 
* 
* 


~ 


-support hosiery 
looks funny 
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Our 


for some 





reasons. 


Compare Parke-Davis Elastic Support 
Hosiery with another brand—one you may now 
be recommending. See for yourself why ours 
best provides these important advantages. 


1. True, controlled graduated compression 
means greater support at the foot and 
ankle, and gradually less support higher up 
the leg. Ours obviously provides this feature. 


2. Two-way stretch is woven into the 
hosiery from bottom to top. So there's no 
need for a tourniquet-like band at the top to 
help keep the hosiery up. Ours obviously 
provides this feature. 


3. Medically-correct design matches the 
needs of the patient with vascular disease of 
the lower extremities. Ours obviously 
provides this feature. 


Result: our support hosiery does what 
support hosiery should do. It helps prevent 
edema. Minimizes venous pooling of blood. 
Helps reduce the leg pain associated with 
æ . varicosities. 


very serious 





Incidentally, Parke-Davis 
Elastic Support Hosiery is made for 
women, too. Panty hose included. 

A complete range of sizes and 

sheerness. Better looking 

than mens hosiery—but still 

medically correct. i 
Seriously, isn’t that beautiful? 


PARKE-DAVIS 
ELASTIC SUPPORT HOSIERY. 


They look funny- 
until you 
put them on. 
Parke, Davis & Company Ħ Detroit, Michigan 48232 
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Rheomacrodex Normal saline 
| a 


Immediately after the After 112 hours After 4 hour 
infusion of 500 mi. 


Comparative volume expansion 
in hypovolemic subjects 


(Adapted from Abneteld, F. W. et al.: 
Anaesthesist 14:137, 1965) 
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Artist's fi ing of 
erythrocyte aggregation 
similar to that @ncountered 
in shock. 





Rheomacrodex’* 
(dextran 40) 


Contraindications: Marked thrombo- 
cytopenia, hypofibrinogenemia or renal 
disease with severe oliguria or anuria. 
Warnings: Since dextran-40 draws water 
from extravascular space, dehydrated 
patients should be given additional fluids. 
The degree of dehydration can be assessed 
by serum or urine osmolarity tests. 
Diuretics may be used to maintain adequate 
urine flow. Renal failure, osmotic nephrosis 
and, occasionally, abnormal hepatic and 
renal function values have been reported. 
Because safety in early pregnancy has not 
been established, do not use in women of 
childbearing age unless potential benefits 
outweigh risks. Use with caution in 
patients with active bleeding, because 
improved perfusion pressure and flow may 
cause further blood loss. 

Precautions: Dosages above 20 ml./kg. 
may prolong bleeding time. To avoid excess 
dosage with circulatory overloading, moni- 
toring of central venous pressure is recom- 
mended. Do not depress hematocrit below 
30 vol.%. 

Because the presence of Rheomacrodex can 
interfere with bilirubin and protein assays, 
blood glucose determinations, and some 
blood typing and cross matching procedures, 
it is recommended that blood samples for 
these tests be drawn prior to infusion of 
Rheomacrodex or that the lab be informed 
that Rheomacrodex has been administered 
so that suitable assay methods be applied. 
Adverse Reactions: Mild urticaria has 
occurred in a few patients. More severe 
allergic reactions including generalized 
urticaria, tightness of chest, wheezing, 
hypotension, nausea and vomiting may 
occur rarely. They may be relieved by 
parenteral epinephrine, ephedrine or 
antihistamines. 

Dosage: Total dosage should not exceed 
20 ml./kg. in the first 24 hours or 10 ml./kg. 
in each subsequent 24 hours. Do not 
continue beyond 5 days. 

Supplied: Bottles of 500 ml. 10% solution 
in normal saline or in 5% aqueous dextrose. 
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FULLER SHIELD’ - 


STERILE 


Fuller Shields have a snap open 
front and an easily adjusted waist- 
band. Dressings can be changed 
without completely removing the 
Shield. Soft, moisture-proof lining 
keeps stains from bedlinen and 
clothing. Holds anal, perianal and 
sacral. dressings in place. Patients 
feel more secure, more comfort- 


able. 


Fat. No. 3,247,846 
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Bief Summary. 


Consult the package literature for prescribing information. 


Actions: Keflin® (sodium cephalothin, 
Lilly) is “a broad-spectrum antibiotic. 
Following a single 1-Gm. intravenous 
dose, blood levels have been about 30 
-mcg. per ml. at fifteen minutes. Dos- 
ages of 2 Gm. givên intravenously over 
a thirty-minute period have produced 
serum concentrations of 80 to 100 mcg. 
per ml. one-half hour after the infusion. 
The antibiotic passes readily into 
body fluids, e.g., pleural, joint, bile, and 
ascitic fluids. 


Indications: Keflin is indicated for the 
treatment of serious infections caused 
by susceptible strains of the designated 
micro-organisms in the diseases listed 
below. 


Respiratory tract infections caused 
by Diplococcus pneumoniae, 
staphylococci (penicillinase and 
nonpenicillinase-producing), group 
A beta-hemolytic streptococci, 
Klebsiella, and Hemophilus influ- 
enzae 


ges Skin and soft-tissue infections, in- 


cluding peritonitis, caused by 
staphylococci (penicillinase and 
nonpenicillinase-producing), 
group A beta-hemolytic strepto- 
cocci, Escherichia coli, Proteus 
mirabilis, and Klebsiella 


Genito-urinary tract infections caused 
by Esch. coli, Pr. mirabilis, and 
Klebsiella 


Septicemia, including endocarditis, 
caused by D. pneumoniae, staph- 
ylococci (penicillinase and non- 
penicillinase-producing), group A 
beta-hemolytic streptococci, 
Streptococcus viridans, Esch. coli, 
Pr. mirabilis, and Klebsiella 


Gastro-intestinal infections caused 
by Salmonella and Shigella species 


Meningitis caused by D. pneumoniae, 
groupA beta-hemolytic strepto- 
cocci, and staphylococci (penicil- 
linase and nonpenicillinase-pro- 
ducing) 

Bone and joint infections caused by 
staphylococci (penicillinase and 
nonpenicillinase-producing) 


Contraindication: Previous hypersensi- 
tivity to cephalosporins. 


Warnings: BEFORE CEPHALOTHIN THER- 
APY IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVI- 
OUS HYPERSENSITIVITY REACTIONS TO 
CEPHALOSPORINS AND PENICILLIN. 
CEPHALOSPORIN C DERIVATIVES SHOULD 
BE GIVEN CAUTIOUSLY IN PENICILLIN- 
SENSITIVE PATIENTS. 

SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

There is some evidence of partial 
cross-allergenicity of the penicillins and 
the cephalosporins. Severe anaphylac- 
toid reactions have been reported with 
both drugs. 

Patients with allergy and hypersensi- 
tivity should receive antibiotics cau- 
tiously and only when necessary. 

Usage in Pregnancy—Safety for use 
during pregnancy has not been estab- 
lished. 


Precautions: Patients should be fol- 
lowed carefully to detect any side- 
effects or drug idiosyncrasy. If an al- 
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lergic reaction occurs, discontinue the 
drug and treat the patient with usual 
agents. 

Although alteration in kidney func- 
tion is rare, evaluation of renal status 
is recommended®è Patients with im- 
paired renal function should be placed 
on a reduced dosage schedule to pre- 
vent excessive serum concentrations. 
Consult prescribing information. 

If thrombophlebitis or superinfection 
occurs, take appropriate measures. A 
false-positive reaction for glucose in the 
urine has been observed with some 
tests but not with Tes-Tape® (urine 
sugar analysis paper, Lilly). 


Adverse Reactions: Maculopapular rash, 
urticaria, pain, induration, tenderness, 
elevation of temperature, reactions re- 
sembling serum sickness, anaphylaxis, 
eosinophilia, drug fever, neutropenia, 
thrombocytopenia, hemolytic anemia, 
thrombophlebitis, transient rise in 
SGOT and alkaline phosphatase, rise in 
BUN, decreased creatinine clearance, 
and a positive direct Coombs test have 
been reported. 
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Keflin was made available for 
clinical investigation early in 1962 and 
was marketed on September 4, 1964. 


Since the introduction of Keflin, 

the susceptibilities of commonly 
encountered organisms, as measured 
by in-vitro methods, have not changed 
significantly. See brief summary 

for indications. 


G 
* equivalent to cephalothin 
Please turn page for summary 
of prescribing information. 
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Effects of Computer-Controlled Transfusion on Recovery 


from Cardiac Surgery 
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RUY BEVILACQUA, M.D.,*** LAWRENCE COHN, M.D.,* 


FRANCIS D. MOORE, M.D.,* and JOHN J. COLLINS, JR., M.D.# 


OMPUTER CONTROL of blood transfusion after cardiac 
surgery was introduced by Kirklin and Sheppard 
et al. The idea of computer controlled therapy seemed 


. sufficiently novel and important'to be evaluated as a new 


drug cr therapy would be. There are additional reasons 
for attention to an apparently straightforward mechani- 
zation of a routine task. One is the opportunity 


_ to learn more about the process being mechanized. 


When®a job-is turned over to a computer, it must be 


described completely and explicitly; this is sometimes 


more difficult than anticipated. Automated transfusion 
presents a fundamental problem in surgical physiology: 
the determination of the right blood volume for a patient 


with abnormal, changing, circulatory function. Further, 
evaluation of computer performiance of a therapeutic 


_.. task provides information about the task itself. Because 


> 


the computer is diligent but rigid, and follows a simple 
set of rules, and the physician can call on more intuitive, 
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inexplicit kinds of intelligence in making the same 
decision, comparison of their performances is an estimate 
of the type of thinking necessary to perform the task. 
This information is needed for rational application 
of computers to direct patient care. 

For all of these reasons, an evaluation of automated 
transfusion was undertaken. It was part of a larger 
project which explored computer applications in a sur- 
gical intensive care unit. The project began with install- 
ation of two small digital computers in the ICU (Fig. 
1). One provides routine service to six beds. The other 
is a research system; physical and functional separa- 
tion of the two has been important to systematic devel- 
opment of the project. The research system is used to 
originate and evaluate program packages which are 
then released for clinical use. Automated transfusion 
was evaluated in this way, as reported here. 

Closed loop control of postoperative transfusion was 
compared with conventional methods by asking two 
questions. The first was whether an explicit medical 
advantage exists for either; that is, whether significant 
difference in death or complications occurred between 
othe-wise comparable patient groups treated by the 
two methods. This would be a surprising result of chang- 
ing the details of postoperative volume replacement, 
which is only one factor in the many which contribute 
to the overall result of cardiac surgery. An implicit ad- 
vantage was also sought. Here the quéstion was whether 
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PROGRAM DEVELOPMENT 
NEW APPLICATION DEVELOPMENT 
CLINICAL RESEARCH 
OFF-LINE PROCESSING 
BACKUP 


CLINICAL SYSTEM | 


INFORMATION SYSTEM 
SPECIFIC TASKS. 
THERMODILUTION 
PULSE CONTOUR 
AUTOMATED TRANSFUSION 


Fic. i. PBBH intensive’ care computer system. Separation of re- 
search. and clinical functions, The clinical computer provides lim- 
ited information handling for hemodynamic data and the special 
functions listed. A separate coinputer is used to develop new func- 
tions which, aftér evaluation, are released for general use. 


a difference in ‘efficiency of control would result from 
automated transfusion: whether hemodynamic variables 
partly under control ‘of the computer are more smoothly 
maintained than wher under manual control. 


Materials and Methods 
Patient Groups 
Fifty patients were chosen for study. Selection’ was 
dictated in part by convenience in scheduling and other 
non-random factors; in order to minimize systematic 


bias their treatment was randomized by pairs. Patients 
were chosen for the study two at a time. One of each 
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pair was assigned by a ndan method to one of the 
two treatment groups; the remaining member of the 
pair was assigned to the other. For all patients the 
contemplated operation was either coronary artery 
bypass graft (CABG) or valve replacement (VR). 
These were the procedures actually performed except 
for one aortic valvuloplasty in the manually treated 
VR group. Characteristics of the four groups are shown 
in Tables 1 and 2. Age, size, and sex distribution were 
almost identical. There was a marginally significant dif- 
ference in preoperative cardiac index of VR patients 
treated by the two methods (p = 0.05), but not in other 
indices of preoperative cardiac status. Cardiac failure, 
as reflected by elevated left ventricular end-diastolic 
pressure occurred equally in both treatment groups, 
whether defined as greater than 12 mm. Hg, as shown 
in the figure, or as above 20 mm. Hg: 

Surgical routines were made as nearly uniform as 
possible. Data. describing the surgical procedures, in 
Table 2 reflect this similarity in technic but do not 
describe an important intangible, the quality of surgical 
repair of the cardiac lesion. However, all patients in this ™ 
series were believed to have had technically Satisfactory 
operations. One difference between the otherwise com- 
parable groups was noted: CABG patients, treated by 
automated transfusion, had á longer average partial 
and total bypass time (144 minutes) than did CABG 
patients treated manually (98 minutes). 


- 


Postoperative Data Collection 

Patients were brought directly from the opérating 
room to the intensive care unit. Clinical conditions 
were identical for both members of a patient pair, 
except for a single difference, the method of postoper- 
ative transfusion, which was performed according to the 








TABLE 1. Composition of Patient Groups: Preoperative Factors 
Preoperative Catherizatidn Data 
Description r : 
| Diastolic Elevated 
BSA Cardiac Hypertension LVEDP 
Group . N Age yrs Sex M? Index ( >00) (>12) 
Coronary Bypass 17 47.5 OF 1.83 2.34 6/17 8/17 P 
42.2 17M +0. 04 +0.19 bs 
Manual 
Transfusion > Valve Surgery 8 58.1 5F 1.74 2.09 1/8 3/8 
$71 3M +0.09 +0.11 
Coronary Bypass 17 49.6 1F 1.91 2.49 6/17 8/17 
_— | +1.6 16M +0.04 +0.16 
Automated ; 
-Transfusion Valve Surgery 8 52.3 2F 1.85 2.30 1/8 4/8 
+3.1 6M +0.05 +0.20 
eAll 50 50.7 8F 1.85 2.34 14/50 23/50 
` +1.2 42M +0.03 +0.09 ° 
. a 
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; TABLE 2. Composition of Patient Groups: Operative Factors 
Hematocrit on Temperature on 
Time on Bypass Bypass ypass Reoperation for , 
Group min A 2c Bleeding Number 
` Coronary Bypass 124 26 30 © 1/17 
+9 +1 +1 
Manual 
Trensfusion Valve Surgery 98 25 30 0/8 
+6 Æ Í +1 
Coronary Bypass 144 26 29 2/17 
+11 +1 +1 
Automated 
Transfusion Valve Surgery 104 26 30 0/8 
+18 +2 +0.3 
All 123.5 26 30 3/50 
+6.02 +0.5 +0.4 


patients’ preoperative random assignment. In the auto- 
mated group, blood and plasma were delivered by a 
roller pump under computer control, and in the manual 
group by the nursing staf according to the resident's 
written orders. 


#@ On arrival in the ICU routine monitoring was begun; 


‘2 


it was done by the computer in both groups. Records 
of clinical variables included heart rate and ECG; 
arterial pressure from a radial artery cannula; left atrial 
pressure from a left atrial catheter inserted at operation; 
and central venous or right atrial pressure. Rectal and 
hand skin temperature were measured by appropriate 
thermisters. Transducers were connected to conven- 
tional analogue preprocessors (Hewlett-Packard 780 
series)? A digital conversion of preprocessor output 
was made each minute and the results stored tem- 
porarily in the computer. Every 5 minutes the five 
l-minute readings were examined, the highest and 
lowest were discarded, and the remainder was averaged 
and stored. This kind of selective averaging has been 
found to eliminate most short-term artifacts.2 Every 2 
hours, the cardiac output was measured by an indicator 
dilution method, using either Indocyanine green (right 
atrial injection, radial artery withdrawal, repeated 
twice} or by thermodilution employing a flow-directed 
thermister-bearing pulmonary artery catheter.! The in- 
jectate was 10 cc. of 5% dextrose solution at room tem- 
perature. In some patients thermodilution cardiac outputs 
were performed just before and after Indocyanine green 
measurement, part of a separate project comparing the 
two methods. Satisfactory correspondence was found. 
Blood and urine samples were collected at 2-hour 
intervals for calculation of creatinine clearance. 
Conventional clinical records were made of general 


=, condition, intake and output, drug administration, and 


* cardiac rhythm. These data were maintained in ma- 
chine readable form. 


Procedure for Automated Transfusion 


Mean arterial pressure (MAP) and left atrial pressure 
(LAP) controlled blood transfusion in the automated 
group as follows. Selectively averaged pressures were 
compared with preset pressure limits every 5 minutes. 
The limits for mean arterial pressure and left atrial 
pressure are ordinarily set by the resident; if none are 
declared, the program uses built-in default values, 
which are 80 mm. Hg, for mean arterial pressure and 
15 mm. Hg, for left atrial pressure. If both pressures 
are below their limits, the pump is turned on and de- 
livers 50 ml. of blood over the next 5 minutes, Certain 
other conditions must be satisfied before the pump will 
run. Phasic pressure signals must be present on the 
analogue lines, appropriate monitoring channels and the 
pump must be turned on, there must be blood in the 
blood bag, and the capacitative bubble sensor must 
indicate that there is fluid in the intravenous tubing. 
When mean arterial pressure is above its limit but left 
atrial pressure low, no action is taken. Other combina- 
tions output one of a number of messages, e.g., “per- 
sistent arterial hypotension” or “left atrial hypertension” 
and call for a reevaluation of the patient’s condition. 


Explicit differences 

The explicit measures of therapeutic success were not 
changed by automated postoperative transfusion. The 
rate of mortality was identical in the two groups. One 
death occurred in each. Neither median ICU stay (3 
days) nor median hospital stay (12 days) were in- 
fluenced by the method of blood replacement. The 
use of pacemakers, lidocaine, and isoproterenol, while 
not identical, was not significantly different between 
groups (Table 3). None of the predefined complications 
occurred in either group, but it should be noted that 
complications selected for objective recording were only 
those that could be i and objectively « 
defined. 
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` TABLE 3. Composition of Patient Groups: Postoperative Cardiac Support 
Lidocaine Used Total Number 
Group Pacemaker Used Number Isuprel Used of Patients 
Coronary Bypass i 0 3o 17 
Manual ° 2 
Transfusion Valve Surgery 4 4 1 8 
Coronary Bypass 0 1 4 17 
Automated 
Transfusion Valve Surgery 4 4 3 8 
All 9 9 4 50 


Patterns of Recovery 


The taped records of patient data were processed 
after completion of the study. Computers simplify the 
task of accumulating an unwieldy quantity of informa- 
tion; about half a million numbers were collected. 
Smoothness and continuity of LAP and MAP were 
computed as described below. An average, or com- 
posite course was calculated for each patient group; 
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mean values for all observations for each group were 
compared by t-test. Point-by-point comparisons of car- 
diac index (CI), MAP, LAP, central venous pressure 
(CVP), and heart rate (HR) showed only scattered 
and nonsvstematic differences between treatment 
groups. They are illustrated in Figures 2 and 3, for 
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Fic. 3. Hemodynamics after coronary bypass. Higher cardiac out- 
puts were observed at lower filling pressures; there is a,” 
more marked response to rewarming and a more apparent im- 
provement in myocardial function than after valve replacement. -. 
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TABLE 4. Composition of Patient Groups: Postoperative Factors 
Blood and Urine Output Chest Tube Hematocrit f 
Group Plasma ml/24 hours Output Arrivalin ICU After 24 hours 
. Coronary Bypass 2760 1530 850 32 * 38 
Manual +260 +180 +120 +1 +1 
Transfusion Valve Surgery 3250 935 1090 30 39 
+410 +95 +190 +2 +1 
Coronary Bypass 3850 1506 1150 33 40 
Automated +350 +125 +170 +1 +1 
Transfusion Valve Surgery 4560 1155 1240 32 40 
+2790 +:90 +300 +2 +2 
All 3500 1370 1055 32 39 
+220 +75 +90 +2 +1 





VR and CABG patients respectively. The direction of 
the differences that did exist reflects the pattern of 
blood administration in automated transfusion: less 


- blood early and more later. 


The most striking contrasts were found in comparison 
of diagnostic groups, however treated. Patients with 


è- valvular heart disease were typically less responsive to 


ad 
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* 
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the events of the first 24 postoperative hours. Stroke 
index was lower (16-24 ml./beat/M?) and fixed. Left 
atrial pressure was constant and high (15-20 ml. Hg). 
Relative to coronary bypass patients, hemodynamic 
indices changed little during the ICU period. Patients 
after CABG not only exhibited higher stroke indices 
(18-28 ml./beat/M?) with lower LAP (6-13 mm. Hg) 
but showed a more distinct pattern of adaptation to 
postoperative changes. At first, peripheral vascular 
pressure (PVR) and MAP are high. They fall with 
rewarming to values equal to or below those observed 
in VR patients. This crossing occurs about 6 hours 
postoperatively coincident with a rapid increase in skin 
temperature. Temperatures are not plotted in Figures 
2 and 3 but a typical example is shown in Figure 6. 

The volume of blood administered, blood lost, and 
-eventual hematocrit are shown in Table 4. The com- 
puter gave both groups of patients more blood than 
was received by corresponding manually transfused 
patients. It can also be seen that somewhat greater 
external losses occurred in the automated group. (There 
is some evidence for inhomogeneity of the groups in 
the longer time on bypass experienced by the automated 
transfusion patients.) The computer not only gave a 
little more blood but gave it in a different pattern. 
Figure 4 shows hour-by-hour averages for volume trans- 
fused. after CABG. At first, manually treated patients 
received little more. Perhaps as a result, their MAP 


. was slightly higher. The rate of automated transfusion 


peaked at 5 hours. There is a critical point in recovery 
from cardiac surgery: at some time between the fourth 


'.. and sixth postoperative hours the skin quickly becomes 


7 D Z4 


warm and vascular capacitance increases suddenly. 
This rapid change is recognized by the computer, which 
responds with a surge of volume replacement, but it 
was usualy missed in patients transfused manually. 
Subsequent volume replacement under computer con- 
trol tapers, and in the majority of patients no transfusion 
is given after the eighteenth hour. Manually treated 
patients, on the other hand, tend to fall behind the 
computer transfused group during the eighth and tenth 
postoperative hours. The corresponding clock time was 
usually late evening. This lag is followed by a second 
peak, apparently in recognition that volume replacement 
had fallen behind. 


Implicit Differences 


A. quantitative measure that expresses the success of 
control of hemodynamic variables is necessary to 
estimate the quality of performance of computer and 
manual treatment. For each set of monitored data, a 
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Fic. 4. Hour by hour averages volume replacement after 
coronary artery bypass graft. The data include some patients, 
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the tendency manually treated patients to receive less transfusion 
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TABLE 5. Group Comparisons of Continuity of Controlled Variables 


Mean Arterial Pressure 


Postoperative hours 


Group e 0-8 8-16 0-16 
Manual Coronary Bypass 37 38 75 
Transfusion Valve Surgery 14 12 28 

Total 51 50 101 
Automated Coronary Bypass 33 18 51 
Transfusion Valve Surgery 5 4 9 
; Total 38 22 60 


Continuity is the number of sudden (in 15 minutes or less) changes 
in MAP exceeding 10 mm. Hg, an arbitrarily chosen threshold. Fewer 
sudden changes were seen with automated transfusion, and they 
occurred less frequently in valve patients than in coronary patients 
no matter how treated. 


linear regression was computed and the variance to 
the regression was calculated, giving one description 
of its smoothness. Another measure, its continuity, was 
defined as the number of occasions on which MAP and 
LAP changed more than 10 or 5 mm respectively within 
15 minutes. These calculations were made for both the 
entire period of postoperative data-taking and for 8 
hour subdivisions. A search was made for that 8 
hour period when these derivations were largest; both 
continuity and smoothness were found to be maximum 
during the 8 hour period bracketing the critical point. 
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“Frc. 5. Chest tube drainage vs infused volume. External losses vs 
volume replacement. The transfusion requirement is phe 
“plus a probably constant deficit after surgery plus a very variab 


volume given to contro! perfusion. 
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Fic. 6. Coronary artery bypass. A typical patient, excep: that some 
transfusion was given manually. Note palm temperature. After 
drifting down there is a sudden and characteristic rise at about the 
sixth hour. 
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Differences in smoothness between groups were small 
(6.6 + 3.5 vs 82 + 4.3 for CABG; 5.6 + 18 vs 6.3 
+ 2.8 in valve replacement). Consistent and significant 
differences appeared when diagnostic groups were 
compared; the course of patients after valve replace- 
ment was smoother than that experienced after CABG. 
Continuity, the number of sudden changes beyond a 
threshold arbitrarily assumed to be significant, was 
different in both treatment and diagnostic groups 
(Table 5). 


Discussion 


Differences in the rate of mortality and occurrencé 
of complications were not anticipated, and none was 
seen. Time in the ICU, in the hospital, and hospital 
costs were also unchanged, but these factors are partic- 
ularly insensitive to small changes in therapy. Duration 
of ICU stay, for example, is a partly medical and 
partly an administrative matter, influenced by bed 
availability as well as the patient's condition, and is a | 
course measure of therapeutic success because ICU and ° 
hospital stay are dispensed in units of whole days. 
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There was a difference between the computer treated 
and manually treated groups. It was an implicit dif- 
ference, interpretable as a medical advantage if it is 
conceded that a smooth hemodynamic course is advan- 
tageous, Plainly direction and magnitude of hemo- 
dynamic change are also important: a continuing 
unreplaced blood loss with gradually falling arterial 
pressure would be séen as an exceptionally smooth 
course except for a single discontinuity at the end. 

Smcothness and continuity, as ways to look at the 
data, were adopted after plots had been made of vital 
signs for the first .few patients. When plotted on the 
same time axis, difference could be seen by eye but a 
quantitative measure was needed for systematic com- 
parison of larger numbers of patients. Two assumptions 
have been made in using these criteria. One is that the 
most desirable postoperative chart is a straight line; 


T the other is that sharp changes in hemodynamics are 
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dystem. Given this experience, the 


not gcod for the patient; for example, that an arrhythmia 
is likely to be triggered by sudden change in arterial 
_ pressure. It should be noted that these derivations 
| describe different properties of a series of observations. 
If smoothness, by analogy, is similar to the smoothness 
of a road, continuity is the number of potholes; the two 
may be associated but are not the same. 

Blood utilization differed in both pattern and amount. 
It is assumed that postoperative transfusion has three 
purposes: the repair of hemodilution, replacement of 
static and concomitant lossés, and also serves as a kind 
of cardiac drug, given to increase forward flow by 
increased cardiac filling. The relation of postoperative 
transfusion to external loss is very approximate but al- 
ways exceeds it (Fig. 1). While the computer's response 
is stereotyped and completely determined by the patient, 
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blood given by the resident is influenced by human 
factors, including experience, as shown in Figure 4; the 
continuity differences that were found are also attributed 
to the slower and inconstant control exercised in the 
manually treated group. °. 

One of the useful byproducts of this study was the 
definition, provided by close monitoring, of the charac- 
teristic postoperative course of cardiac patients, and of 
the differences between coronary and valve patients. 
Two phases could be identified, separated by the so- 
called critical point. The first phase, rewarming, is 
marked by disappearance of the residual pharmacologic 
effects of anesthesia, of myocardial cooling, and increas- 
ing core temperature. Mean pressure and peripheral 
resistance fall, cardiac index increases, The responses are 
conspicuous in coronary patients, blunted in valve 
replacement. At the critical point, skin temperature 
rises abruptly, and presumably vascular capacitancé 
increases. There is, as would be expected, no measure- 
able change in peripheral resistance, but cardiac filling 
pressure falls unless supported by additional intra- 
vascular volume. Finally, there is a period of equilibra- 
tion. Hematocrit stabilizes, no further transfusion 
is needed, higher cardiac output is measured with lower 
left atrial pressure, and the patient is ready to leave 
the intensive care unit. 
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DISCUSSION 


MR. L. C. SHEPPARD (Birmingham); Dr. Kirklin and I had 
both hoped to dicuss this interesting paper, but Dr. Kirklin was 
unable to come at the last moment and I am presenting the 
thoughts of our group. 

We have published one aper in the usual surgical literature 
on the subject of Kond care that was presented before this 
Association 5 years ago. 

We have now treated over 2,800 patients using our automated 
asic postulate presented in 
1968 that “the care and treatment of patients can be done best 
using numérical data arid an orderly set of rules,” has proven 
to be a valid one. 

It is disappointing that this postulate was not tested by Dr. 
Morgan and his ue es for that is in our opinion the main 
issue and is the one. that was the most controversial when we 
first reported our work, 

We can only assume that Dr. Morgan has accepted this 
postulate. 

During the past 5 years, we have continually upgraded the 
rules and logic as our knowledge of the basic pathophysiology 
has grown, We have expanded the automated measurement, in- 


tervention arid.decision making functions of the system. We have 
gone from one automated bed to four such beds and are, at 
this moment, adding two more. 

When recently, the automated system was not operational for 
2 weeks due to renovation and relocation of our computer lab- 
oratory, the surgical faculty, the house staff and the nursing staff 
had to spend longer hours in the ICU and had less time to 
provide personal patient care. The unit was obviously more 
chaotic. 

We have been surveyed informally arid formally by numerous 
groups, including most recently by the Arthur D. Little. Company 
under contract to ari arm of HEW. For an appraisal by a rela- 
tively uninvolved group, you may enjoy reading their report. 

As an example of the increasing sophistication of our methods, 
I would like to show you briefly our present technic for main- 
taining the patient’s hemodynamic state. 

Obviously, we are concerned with all of the patient’s sub-" 
systems riot just the cardiovascular sub-system. In fact, blood 
infusion is only one aspect of our analysis and interventions 
programs. 


308 
. For analyzing present performance (slide), we make the usual 
measurements of cardiac output, arterial and atrial pressures, 
`- etcetera; to determine effectiveness, we measure or calculate total 
oxygen consumption, thixed venous-oxygen levels and some other 
parameters. 

In fact, we use many pieces of data in these analyses for 
controlling any intervention as does any experienced clinician. 
Also, I would emphasize that blood infusion is only one of the 
many interventions we use when improvement of the performance 
of the cardiovascular sub-system is desired. 

In contrast, to Dr. Morgan, we no longer use arterial blood 
pressure as a determinant of blood or fluid infusion for we 
have observed that it does not correlate with cardiac output. 

(Second slide) Today, the following are used by our system 
in deciding every 2 minutes whether or not to infuse 20 ml. of 
blood. End-expiratory mean left atrial pressure, total chest drain- 
age, amount of blood already infused and the cardiac index. 

I have enjoyed and profited from Dr. Morgan’s paper. We 
agree with his conclusions. Our experiences have stimulated us 
to continue to expand and refine the technics of automated treat- 
ment, ; 
Dr. James V. Maroney, Jr. (Los Angeles): Having had the 
opportunity to review Dr. Morgan’s manuscript, I can say he 
has provided objective proof, at least to my satisfaction, that 
an automated treatment system operatirig on the basis of a simple 
two dimensional algorithm can provide therapy that is more 
reliable than that provided by an assistant resident surgeon. 

The simple algorithm runs something like this, if blood pres- 
sure is down and LAP is down, transfusion is indicated. 

If blood préssure is up and LAP is normal, do not give a 
transfusion or blood pressure is down and LAP is up, flash an 
alarm and call for help. | 

To me, the value of this contribution to surgical science by 
Dr. Morgan and his associates lies not in the computer, nor in 
the automated blood transfusion apparatus, but rather in the fact 
that they have developed an algorithm or logical rule based on 
certain data which is applicable to all surgical patients. 

For example, I would guess in the next 6 months the mem- 
bers of this Association will treat among them a hundred gas- 
trointestinal bleeders who have circulatory instability or shock. 
To me, the algorithm that Dr. Morgan has just presented 
could be applied immediately to that group of patients with 
considerable patient benefit. 

By simply introducing a Swan Ganz catheter into the left 
anti-cubital space, inflating the balloon and allowing the blood 
to carry the catheter into the pulmonary artery, expanding the 
balloon and measuring left atrial pressure is a procedure that 
requires about 5 minutes time and is simple and safe. Every 
general surgeon can treat his patient with blood loss due to GI 
bleeding on the basis of the algorithm we have just seen which 
serves as a basis for this automated treatment systèm. 

„It can be done with a $20 Swan Ganz catheter and the 
algorithm that we need to do it with was given us free this 
morning. . 

I would have one warning that I know is implicit in the manu- 
script and is in Dr. Morgan’s introductory remarks, that is that 
the reduction of the decision whether or not to transfuse a 
patient in clinical circumstances to a two dimensional algorithm 
is an over-simplification of monumental proportions. 

If this could be done one hundred per cent of the time, 
one could hire for example a physician’s assistant who could 
read LAP and the arterial pressure, then make the decision to 
transffise or not. It would indeed be cheaper than hiring a com- 
puter to do the same. I am persuaded it can be done effectively 
95 per cent of the time. It is the other five per cent that justifies 
our existence as clinical surgeons. 

- -Let me give a few examples. 

The commonest reason for a fall in left atrial pressure in our 

sown intensive care unit is a clot in the catheter which requires 
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not transfusicn but flushing out of the catheter. The catheter 
ray tube display of the arterial pulse contour if it shows a 
decreased DPDT, a slow systolic uprise may be an indication 
not for transfusion, that change that is associated with low 
blood pressure, but perhaps for digitalis. 

If the area under the pulse contour is down and the pH is 
decreased, the hydrogen ion concentration increased, that might 
suggest not the need for transfusion but the need for intravenous 
bicarbonate to increase the response of the myocardium to 
endogenous catecholamines. Similarly if blood pressure were down, 
pulse were dawn and LAP were up, that is an indication perhaps 
for a pacemaker. 

Thus, the decision whether to transfuse a patient or not in 
some circumstances, and they may be rare, may only be five 
per cent, maybe not a two dimensional algorithm but a 40, 50, 
60 or 70 dimensional algorithm which we as clinicians call, I 
suppose, clinical judgment. i 

Unfortunately, our clinical judgment is not as reliable as the 
automated methods that we have seen presented today at least 
on a two dimensional basis. l 

We should not be discouraged by the fact that clinical judg- 
ment is complicated, requiring that one deal with 40 or 50 
dimensions because presently available programming technics 
and available computers can easily handle problems of such di- 
mension. We need the logical rules that Dr. Morgan and 
Mr. Sheppard referred to in order to continually reduce to a 
logical operational method all of our clinical judgment. 

In summary then, J would say the significance of the contribu- 
tion we have heard today lies not in the computer or the auto- 
mated pump, but rather in the development of logical algorithms 
that can be applied not only to cardiovascular patients but to all 
surgical patients. ) 

Dr. Jonn J. Conus, Ja. [Closing]: It is not our purpose to 
promote computers as replacements for physicians or nurses, or 
even replacement for physicians’ assistants. 

Rather, the computer is a particular type of physician’s as- 
sistant which can, with great diligence, pursue a number of 
variables over a long period of time and report them accurately. 
It can respond quickly and reliably to untoward changgs with 
therapy designed to correct aberrations if the rules for such 
intervention are logically and specifically programmed, 

We are indebted to Mr. Sheppard for reporting on the enormous 
series of 2800 patients handled so well by computer at the 
University of Alabama. 

We have not used cardiac output in our algorithms as they 
have at Alabama, simply because the question is not whether 
arterial pressure and cardiac output are related in predictable 
fashion, but whether either arterial pressuré or cardiac output 
arë related in a predictable fashion to the ‘clinical course of the 
patient. It is our impression that either arterial pressure or 
cardiac output may be related to a successful outcome. We 
have adopted the simpler measurement of arterial blood pressure 
for routine use, although we certainly do use cardiac output 
determinations from time to time. 

Dr. Maloney’s remarks were very kind and we certainly 
appreciate them. l , 

We agree entirely with his general concept that surgica] 
safety is inversely related to the need for surgical judgment” 
Perhaps the greatest potential contribution of computers is to 
reduce the need for judgment in the care of critically ill patients 
by providing accurate data upon which reliable predictions may 
be predicated. _ : i 

When the time constant of expected response to infused 
medications is short and when potential changes in smoothness 
and continuity are great, as for example, with infusion of Isuprel, 
Arfonad, Xylocaine, epinephrine and the like, it becomes even 
more logical and safer for the patient to use automated feed- | 
back-regulated infusion systems. 
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Aneurysms of the Left Ventricle: 


Survival and Results of a Ten-Year Surgical Experience 


° T= FORMATION of a cardiac aneurysm is a tragic 


L sequel to coronary artery disease, and yet, from the 
surgical standpoint, reconstruction of the ventricle can 
be accomplished without undue risk and offers enor- 
mous potential for rehabilitation. In properly selected 
patients, aneurysmectomy can diminish or eliminate 
congestive heart failure, angina pectoris, ventricular 
tachyarrhythmias and the threat of embolism. 

Since there are no clinical or roentgenographic signs 


that consistently indicate the presence of an aneurysm, 


ventriculography must be performed to establish the 
diagnosis and to assess the overall ventricular function. 
The escalation of coronary arteriography has trans- 
formed aneurysmectomy from a solitary and relatively 
uncommon procedure to a standard operation frequently 
combined with direct myocardial revascularization. 

The natural history, operative indications, and early 
surgical results have been described in detail,'4*but 
the extent of rehabilitation and the proclivity for im- 
proved survival have not been well documented. To 
gain this information, we examined a 10-year experience 
in aneurysm operations, from the first isolated cases in 
„1962-1965 through the phase of combined internal 


‘mammary artery implants into the current era of the 


venous autograft. This review includes the clinical 
and catheterization results and analyzes the causes of 
operative and late mortality. Whenever possible, the 
degree of pre-existing coronary atherosclerosis and 
ventricular performance is correlated with the sympto- 
matology. 
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Definition of Ventricular Aneurysm 

By coronary arteriography and ventriculography, a 
number of ventricular dyssynergies are described,® 
and each one in some respects resembles a ventricular 
aneurysm. These abnormalities consist of aneurysms 
with or without paradoxical (dyskinetic) walls, seg- 
ments rendered akinetic or hypokinetic from diffuse 
myocardial fibrosis, and smaller scars that are not al- 
ways full-thickness in depth. This consecutive series 
includes only those patients with true ventricular 
aneurysms. 

The pathologic features of the damaged area were 
disclosed through the angiogram and the surgeon’s 
written operative findings. Our series of true ventricular 
aneurysms includes only thinned-out transmural scars 
that have completely lost their trabecular pattern. 
Although the aneurysm did not always bulge outward, 
the scar was localized and clearly delineated from the 
surrounding ventricular muscle. In approximately 90% 
of the patients, avascular adhesions bound the aneurysm 
to the overlying pericardium. A laminated thrambus 
was noted in the aneurysm specimen in 53% of the 
patients. The anterior two thirds of the interventricular 
septum was usually scarred, since the perforating septal 
branches of the anterior descending were compromised 
by narrowing or proximal oe of the parent ves- 
sel. 
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Clinical Experience 

From January 1962 through April 1972, 400 patients 
underwent ventricular aneurysmectomy at the Cleve- 
land Clinic. Three hundred and sixty-seven were men 
from 30 to 70 years of age (median 50); the 33 women 
were between 31 and 69 years of age (median 56). 
Follow-up information was obtained in all but two pa- 
tients; a follow-up rate of 99.5%. Acquisition of the 
follow-up data was obtained by telephone interview 
with the referring physician. The duration of follow-up 
ranged from 6 to 102 months: after operation or an 
average of 29.5 months for all patients discharged from 
the hospital. 

The indications for operation were based in part on 
preoperative symptoms as well as the pathologic anat- 
omy. Angina pectoris and congestive heart failure 
were the most common preoperative symptoms (Table 
1) and either singly or combined were found in more 
than 90% of patients in this series. Ventricular tachy- 
cardia occurred in 7% of the patients, and a history 
of systemic emboli was the least common reason for 
operative intervention. Of the ten patients who had none 
of the major symptoms, two patients had frequent 
premature contractions, one patient was evaluated 
for recurring sinus tachycardia, and seven had no cardiac 
symptoms. Myocardial revascularization combined with 
the aneurysmectomy was the primary surgical objective 
in six of the seven asymptomatic patients. 

Of the 400 patients, 226 underwent left ventricular 
reconstruction as the sole surgical procedure. The re- 
maining 174 patients had either myocardial revas- 
cularization or valve operations in addition to aneu- 
rysmectomy. The procedures are listed in Table 2 with 
their corresponding mortalities. Almost all of these 
patients had anterolateral or apical ventricular aneu- 
rysms as a result of total or subtotal occlusion of the 
anterior descending branch of the left coronary artery. 
Ten patients (3%) had true posterior ventricular aneu- 
rysms located in the diaphragmatic wall between the 
septum and insertion of the posterior papillary muscle.” 
In these patients the papillary muscle was not damaged 


TABLE 1. Preoperative Symptoms im 400 Patients Undergoing 


Ventricular A neurysmectomy™ 


Patients Percent 

Angina pectoris 136 35 
Angina pectoris and CHF 120 31 
Congestive heart failure 84 21 
Angina pectoris and/or CHF with 

e ventricular tachycardia 17 å 
Ventricular tachycardia 14 3 
Systemic embolism ` 19 5 


 * Ten patients were either asymptomatic or had none of the above 
‘symptoms, 
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Ventricular Aneurysmectomy and Related Surgical 


TABLE 2. 
l Procedures January 1962 to April 1972 . 


Hospital 
Operation Patients deaths 
Ventricular aneurysmectomy (VA) 226 19 
VA and combined revascularization 
Single graft 85 10 
Internal mammary artery implant( s) 44 5 
Single graft and implant 12 Í 
Multiple grafts 25 2 
Associated procedures 
Post infarct VSD 5 i 
Open mitral commissurotomy 1 E 
Mitral valve replacement 1 1 
Aortic valve and graft 1 
Total 400 39(9.8%) 


and the absence of mitral regurgitation allowed them 
to survive the massive posterior infarction. False an- 
eurysms contained only by pericardial adhesions were 
rare and only four cases were found in this series. 


H ospital M ortality 


During this 10-year period, 39 patients (9.8%) died 
in the hospital during or after operation. Progressive 
myocardial failure accounted for 20 of the hospital 
deaths. Fifteen of the 20 patjents in this category had 
servere obstruction in one or more coronary arteries 
other than the anterior descending, Ten of the 20 had 
ventricular impairment in segments other’ than the 
anterior wall of the left ventricle. Other related problems 
in this group were mitral regurgitation from papillary 
muscle dysfunction (one patient) and postinfarction 
ventricular septal defect (one patient). 

Nine patients died from acute myocardial infarction 
during the hospital convalescence and all the infarcts 
were confirmed by postmortem examination. Two 
infarctions were related to saphenous vein graft closures 
and two others were induced by trauma from the in- 
ternal mammary artery implant. 

Five patients died from cerebrovascular accidents 
and embolization was implicated in each instance. 
Presumably the stroke that resulted was secondary to 
air or dislodgment of a ventricular thrombus. Other 
hospital deaths were caused by sepsis ‘(two patients), 
recurrent ventricular tachycardia/ fibrillation (two 
patients), and pulmonary emboli (one patient). 
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Late Mortality : 


Sixty-one patients (15%) died from 5 weeks to 5% 
years after operation "(mean 19.0 months for cardiac 
related deaths). Twenty patients died from congestive 
heart failure and 12 of them died within the first e 
postoperative year, 
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Nineteen patients who died suddenly from an un- 
determined cause probably sustained a fatal ventric- 
ular arrhythmia or massive myocardial infarction. A 
postmortem examination was performed in eight of the 
19 patients (42%) but the cause of death was not dis- 
covered. 

Fourteen patients experience fatal myocardial in- 
farctions in the late period. Four of these patients, all 
of whom died within a year of operation, had severe 
double or triple vessel coronary disease amenable to 
bypass grafts. They were operated on before 1967, how- 
ever, and direct revascularization was not yet a part 
of the combined surgical treatment. 

Recurrent ventricular tachycardia caused the death 
of two patients who had experienced this arrhythmia 
preoperatively. Six other patients died of causes not 
related directly to coronary atherosclerosis: carcinoma 
(two patients), coarctation of the aorta (one patient), 
cerebral hemorrhage (one patient), bleeding gastric 
ulcer (one patient) and hepatitis (one patient). 


. Late Results in Surviving Patients 


The late surgical result was assessed for each symptom 


category. We classified the patients with preoperative 


symptoms of congestive heart failure in two groups. 
In one group were those patients with only one major 
coronary vessel involved, the anterior descending oc- 
clusion that produced the ventricular aneurysm. These 
patients were treated by ventricular aneurysmectomy 
alone and, of the 83 survivors in this group, 76 (91%) 
had marked improvement of the symptoms of heart 


failure. Improvement in congestive heart failure is. 


defined as an increase in physical capabilities or effort 
tolerance in the face of less aggressive medical therapy. 
The second group of patients had double or triple 
vessel coronary disease in addition to the ventricular 
aneurysm. Here the results were less favorable with 
57 of 77 surviving patients (74%) improved (p < 
0.003). Almost one half of the patients in this second 
category underwent aneurysmectomy combined with 
revascularization procedures, When patients who died in 
the late period from congestive heart failure are in- 
cluded in this analysis, the good result category drops 
to 83% for single vessel disease and to 65% for those 


patients with double or triple vessel disease (p < 0.006). 


Angina pectoris frequently was the only symptom 
and thus was the major indication for operation in 
many patients. To more accurately evaluate the re- 
sults among. surviving patients in this category, we 
excluded chronically ill patients who died within the 
first year, patients with preoperative atypical angina 
pectoris and narcotic addicts. When angina was the 
only preoperative symptom, improvement or complete 
relief of pain occurred in 93 of 102 patients (91%). Fifty- 
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six of these patients underwent ventricular resection 
combined with some form of myocardial revascualriza- 
tion and 46 underwent aneurysmectomy only. In the 
group of 46 patients who had aneurysmectomy as the 
sole surgical procedure, 34 had anterior descending 
coronary artery disease alone and 32 (94%) of them 
have had significant improvement or complete remission 
of their angina after operation. Angina pectroris re- 
curred in three patients after 5 years and probably the 
return of pain was due to progression of the disease. 

The findings were similar when angina was associated 
with other cardiac symptoms such as congestive heart 
failure or arrhythmia. Eighty-one (93%) of 87 patients 
had partial or complete relief of angina. Fifty-eight 
of them had aneurysmectomy only, and in 29 the 
procedure was combined with myocardial revasculariza- 
tion. Of the 15 patients who still have angina with or 
without congestive heart failure, five patients were 
shown to have occluded grafts by angiography. 

Thirty-one patients underwent aneurysmectomy pri- 
marily for recurring ventricular tachycardia; 21 of the 
31 (68%) are still alive 6 to 48 months after operation 
and have had no further arrhythmia. Two patients 
died in the hospital postoperatively from ventricular 
tachycardia and congestive heart failure. During ar 
average follow-up of 26 months, late sudden death oc- 
curred in two patients, presumably due to recurrence 
of arrhythmia. Four additional patients died in the 
hospital or late period from causes other than arrhy- 
thmia. Two patients still living have been hospitalized 
two and three times respectively for recurrent ventri- 
cular tachycardia. 

Twenty-one of the 400 patients (5%) had histories 
compatible with systemic embolism that occurred 
after myocardial infarction, and seven of these 21 
patients had more than one embolic episode. Although 
five hospital deaths were attributed to embolism, no 
embolic events have been documented in the late 
postoperative period. Some of the postmortem reports 
have described small mural thrombi along the suture 
line, but we have no evidence that any of these patients 
sustained an embolus after leaving the hospital. 


Results of Catheterization 


At the time this report was prepared, 119 post- 
operative cardiac catheterizations had been performed 
in 103 aneurysmectomy patients. The average interval 
between operation and the second catheterization was 
18.5 months. The left ventricular performance was 
estimated by: (1) ventricular contraction as shown’ by 
the left ventriculogram, (2) the end diastolic leét 
ventricular pressure, (3) the size of the residual scar. 
Using these criteria, 68 patients (69%) were classified 
as having improved left ventricular performance, 16 
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were judged unchanged, and 15 were worse than 
before the operation. In the latter category, three were 
associated with occluded vein grafts. In four other 
patients, not categorized, the first postoperative study 
demonstrated improved ventricular function and a sub- 
sequent examinatfon showed ventricular impairment 
due to progressive coronary disease. Four of the 15 
patients in whom ventricular contractility was worse 
postoperatively, and two of the 68 patients in the 
improved ventricle group have died in the late period. 

Forty-nine vein grafts were studied in 36 patients 
and 39 of the grafts (79.6%) were patent. Patch 
grafts, discontinued after 1965, were not included in 
the vein graft patency rate. Three of four patch graft 
angioplasties were occluded. Twenty-three internal 
mammary artery implants were catheterized, and col- 
laterals to adjacent coronary vessels were documented 
in 15, seven others were patent without connection, 
and one was occluded. 


LOOP, EFFLER, 


Discussion 


The selective coronary arteriogram and its attendant 
ventriculogram have. added a new dimension to the 
diagnosis of ventricular aneurysms. The result is a 
trend toward simultaneous direct myocardial revascu- 
larization with the ventricular reconstruction. Although 
these combined procedures are more complicated, the 
rates of morbidity and mortality have declined consist- 
ently in these past 10 years (Fig. 1). The rate of 
hospital mortality from ventricular aneurysmectomy in 
1971 was 6.8% despite the combination of direct cor- 
onary surgery in 70% of the operations. 

As more experience is gained in patient selection, 
progressive myocardial failure, the leading cause of 
operative mortality, has become less frequent in the 
last few years. The patient with multiple vessel cor- 
onary disease and a dilated diffusely impaired left 
ventricle can rarely be helped by even the most ag- 
gressive surgical tactics. During one phase of the cur- 
rent revascularization era, patients with severe end- 
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stage disease were readily accepted for surgical treat- 
ment. It has become apparent, however, that mortality 
is based heavily on pre-existing ventricular function 
and the patient with an impaired fibrotic left ventricle 
derives little benefit from segmental resection whether 
or not it is accompanied by direct revascularization. 

When congestive heart failure is directly related 
to the presence of a left ventricular aneurysm and other 
segments of the ventricle contract normally, aneurys- 
mectomy produces a striking improvement. With more 
extensive atherosclerotic involvement, other segments 
of the left ventricle are jeoparadized and benefits from 
aneurysmectomy are less certain. According to this 
analysis, the patients with congestive heart failure 
who did not respond relatively soon after removal of 
the aneurysm did not improve with time. More often, 
the congestive heart failure was progressive and led to 
an early death. 

Angina pectoris has not been widely considered as 
an indication for ventricular aneurysmectomy. The fact 
remains, however, that angina is more easily alleviated 
than ventricular failure. Ninety-two per cent of the 
patients had remission of chest pain after aneurys- 
mectomy, even when other cardiac symptoms persisted. 
Combined revascularization procedures were per- 
formed in approximately half of these patients. The 
patient with only an obliterated anterior descending 
artery and an anterior wall aneurysm may also ex- 
perience angina pectoris as the only aneurysm symptom. 
Here the degree of myocardial ischemia is probably 
related to the change in ventricular size and configura- 
tion.* Resection of the aneurysm improves or eliminates 
angina pectoris probably by improving the efficiency 
of contraction. 

Seven per cent of the patients in this series were 
operated on for recurrent ventricular tachycardia. These 
arrhythmias become more common as the area of im- 
pairment enlarges and, in the terminal phase of the 
disease, arrhythmias often contribute directly to the 
death of the patient. Seventy-seven per cent of these 
patients who were operated on for ventricular tachy- 
arrhythmias have had no recurrence of the arrhythmia 
postoperatively. | 

Recurrent embolism has not been noted in the late 
postoperative period. Although some reports of post? 
mortem studies have described small thrombi in the 
ventricular suture line, we can find no evidence of late 
embolization in any of the surviving patients. Very few 
patients have received anticoagulation treatment ‘post- 
operatively and it is not our policy to recommend anti- 
coagulant prophylaxis after any form of myocardial 
revascularization or ventricular aneurysmectomy. 

The outlook for patients who develop ventricular 


1 
` 

~y i 
h . 
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` aneurysms is considerably worse than for patients who 


experience myocardial infarction without aneurysm 
formation. Dubnow* and Schlichter® and their associates 
found that 60% to 73% of those patients with cardiac 
aneurysms died within 3 years after the precipitating 
infarct. In Schlichter’s analysis, only 12% of the patients 
were alive after 5 years. 

The longevity in this surgical series is calculated by 
the actuarial method for 392 patients (Fig. 2). Those 
who died from noncardiac causes and patients without 
follow-up are excluded (eight patients). Seventy-six 
per cent of the patients who underwent ventricular 
aneurysmectomy are alive 4 years after operation. Most 
of the saphenous vein graft procedures were combined 
with aneurysmectomy in 1970 and 1971 and their effect 


cannot be accurately evaluated until several more years . 


have have elapsed. When patients operated on in the 


earlier years (1962-1965) .are excluded, the survival - 


at 4 years increases to 80% 

When these surgically treated patients are compared 
with the nonsurgical series cited above, patients who 
undergo aneurysmectomy show a definite increase in 
survival, approximately four times greater than patients 
in whom the natural course of the disease is allowed to 
progress without interruption. 


Summary 


A series of 400 consecutive patients operated on for 
true ventricular aneurysms is surveyed with respect to 
clinica] results and longevity. Ninety-nine per cent of 
the patients were followed from six to 102 months 
(mean 29.5 months). Revascularization procedures as- 
sociated with aneurysmectomy have increased steadily 
while the operative mortality has declined from 20% 
to 6.8%. Sixty-one patients (15%) died during the late 
period, and the leading causes of death were congestive 
heart failure, sudden death from undetermined cause, 
and myocardial infarction. 

Each major cardiac symptom for which ventricular 
reconstruction was undertaken has been evaluated for 
the long-term result. When congestive heart failure was 
directly related to the presence of an aneurysm, and 
other segments of the left ventricle contracted nor- 
pally, aneurysmectomy produced a marked clinical 
improvement. Chest pain, presumably from myocardial 
ischemia, was partially or completely relieved in 92% 
of the surviving patients. Seventy-seven percent of 
patients operated on for recurrent ventricular tachy- 
cardia had no further episodes of the arrhythmia. 
Systemic embolism has not occurred in the late post- 
operative period and anticoagulation is not advised. The 


* postoperative left ventricular performance, the venous 


autograft patency and implant results are reported 
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YEARS AFTER ANEURYSMECTOMY 


Fic. 2. Composite survival curves for 392 ventricular aneu- 
rysmectomy patients. The dotted curve represents the entire 
10-year experience and shows a 4-year survival of 76%. The 
solid curve excludes the 1962-1965 cases and represents a mixed 
group of patients who had either aneurysmectomy alone or com- 
bined revascularization between 1966 and 1972. The 4-year 
survival in this latter category is 80%. Both curves include the 
operative or hospital mortality. 


from 119 cardiac catheterizations performed an average 
of 18.5 months after the ventricular repair. 

The literature indicates that fewer than 20% of 
cardiac aneurysm patients receiving conservative treat- 
ment will live 5 years after the precipitating infarct. 
In contrast, actuarial survival curves from this series 
show that 76% of the patients treated surgically are 
alive 4 years postoperatively. 
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Discussion 


Dr. Frank C. Spencer (New York City): I imagine most 
of you realize that this is the largest series of left ventricular 
aneurysms ever reported. The results are impressive, and cer- 
tainly the authors are to be congratulated. I enjoyed reviewing 
the manuscript in detail earlier and found that the data reported 
fully support the conclusions. 

The increasing safety of excision of left ventricular aneurysms, 
decreasing to a mortality near 6-7%, is one of the most sig- 
nificant advances in cardiac surgery. The physiologic handicap 
from a left ventricular aneurysm is due to impairment of function 
of the remaining left ventricular muscle. This in turn is pro- 
portional to the size; so aneurysms smaller than 5 cm. in diameter 
are probably of little clinical significance. The clinical im- 
portance of a ventricular aneurysm, emphasized by Dr. Loop, 
is that it is the most favorable lesion that can be found in 
a heart with congestive heart failure. Unfortunately at present 
about the only patient with congestive heart failure from coronary 
artery disease who significantly benefits from operation is the 
one with a large left ea fe aneurysm, Hence, the correct 
diagnosis on angiocardiography is most important. The lesion 
most frequently confused is diffuse scarring in the wall of the 
ventricle without a saccular bulge. Physiologic benefit from 
excision of a diffuse scar has been limited; so accurate differ- 
entiation preoperatively between diffuse scarring of the wall of 
the left ventricle and a discreet aneurysm is important. We have 
been unable to make a correct differential diagnosis in some 
o beforehand and would like to know whether Dr. Loop 

as any suggestions in this regard. 

(Slide) Some general comments regarding left ventricular 
aneurysm may be of interest. The biologic significance of a 
left ventricular aneurysm is that it indicates the magnitude of 
cardiac reserve. This slide shows a large aneurysm in the left 
ventricle with excision and reconstruction. The suture line mea- 
sured 6 inches in length, and it was estimated that between 30 
and 40% of left ventricular muscle mass had been destroyed. 
The patient was in cardiac failure beforehand but has done 
well in the 3 years since excision. Hence, the evolution of a left 
ventricular aneurysm is a biologic experiment that demonstrates 
cardiac reserve. It is similar to the findings by Dr. Austen and 
co-workers with balloon pumping for myocardial infarction that 
a patient may survive loss of about 1% of the left ventricular 
muscle mass but when the loss approaches 30-40%, congestive 
failure becomes intractable. 

A second point is the comparative rarity of posterior ven- 
tricular aneurysms. There were only 10 in the 400 cases in 
Dr. Loop’s series. This slide shows an example of such an 
aneurysm, involving the posterior or diaphragmatic surface of 
the left ventricle. At the top of the field the mitral valve with 
the papillary muscles can be seen, fortunately free of involve- 
ment. The reason for the rarity of posterior ventricular aneurysms 
is not clear. It may simply be that most large posterior ventricular 
aneurysms are promptly fatal because of involvement of the mitral 
yalve with resulting mitral insufficiency. 

Finally, certain technical points with excision may be of 
interest. We have paid particular attention to protecting the 
anterior descending coronary, even though it was occluded 

, proximally and the scar of the aneurysm extended into the area 
of the anterior descending coronary in the inter-ventricular 


groove. When this vessel is ligated during excision of the 
aneurysm, serious arrhythmias developed in some patients, prob- 
ably because blood supply to the ventricular septum was im- 
paired. Dr. Loop’s comments about the relative importance of 
preservation of the anterior descending would be of interest. 

The importance of concomitant bypass grafting is clearly shown 
in his data, with operative mortality declining from 20 to 10%. 
A left ventricular aneurysm of course is an ominous symptom 
of coronary occlusive disease. As this is usually diffuse, a large 
percentage of such patients will have coronary disease in their 
other coronary arteries which should be treated with bypass 
grafting at the time of operation. 

During excision, we prefer ventricular fibrillation to avoid 
the hazards of emboli, avoiding prolonged clamping of the 
aorta. During excision the concept of sub-total excision, rather 
than total excision as with a tumor, is an important one. The 
sub-total excision leaves about a cm. or two of scar at each 
border. Hence the suture line reconstructing the left ventricle 
goes through scar tissue and does not extend out into the sur- 
rounding viable muscle where collateral circulation is present. 
This safety point not only preserves collateral circulation but 
it also avoids the problem of excising a large aneurysm and 
making the left ventricle “too small”. 


Dr. Denton A. Cootey (Houston): Mr. Chairman, in 1959 
before this Association I reported the cases of six patients who 
survived ventricular aneurysmectomy by coronary arterial bypass. 
Prior to that time, the only series of cases reported weéte those 
of Dr. Charles Bailey in which he had used a closed technic 
with surprisingly good survival statistics. 

Today, we have heard an excellent | apts of 400 pa- 
tients operated upon at the Cleveland Clinic by Dr. Loop, 
Dr. Effler and their associates. It is interesting to me that in 
the entire series there were only ten patients with posterior 
aneurysm and none had mitral waive damage. 

When valve damage does occur, one has a unique opportunity 
to replace the mitral valve through a generous ventriculotomy 
as is seen in this operative photograph. A posterior ventricular 
aneurysm is poco widely with replacement of the mitral 
valve from below the annulus, ` 

One must reorient his thinking so the prosthetic valve is not 
upside down. After inserting the prosthesis the usual aneurysmor- 
thaphy was performed. 

Our experience to date numbers 232 patients with ventricular 
aneurysms with an overall hospital mortality of 15.5 per cent. 
One hundred thirty four had aneurysmectomies without coron 
bypass and 22 (16.4%) died while 98 had concomitant bypass 
and 14 (14.3%) died. Comparison of the groups with and with- 
out bypass is difficult because of the multiple factors involved. 
Usually those patients who did not have concomitant bypass 
had the most serious lesions. Before 1969 bypass was never 
performed with aneurysmectomy. 

A review of our patients being operated upon during the 
past 4 years reveals concomitant bypass in 14% in 1969, 42% 
in 1970, 94% in 1971, and 74% in 1972. In the first three years 
the mortality was 15% for these cases and in 1972 was 8%. One | 
cannot support a claim that concomitant pol pose vein bypass 
has reduced surgical mortality from ventricular aneurysmectomy. 
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Revascularization of the myocardium in such cases however would 


' provide other obvious benefits to the patient. 


We compared long-term survival in this surgically treated 
group of patients with ventricular aneurysm with survival in a 
medical treated: group reported in 1954 by Schlicter, Hellerstein 
and Katz. At theeend of 5 years only 12% of medically treated 
patients survived while in our series 55% were alive and at 10 
years 37% still lived. I believe the results reported by Dr. Loop 
and our own results firmly establish the rationale of surgical 
treatment for ventricular aneurysm. ' . 


Dr. FLoyp D. Loop (Closing): The lessons we have learned 
in selecting these patients parallel Dr. Spencer’s findings about 
direct revascularization for congestive heart failure. In our ex- 
perience, diffuse myocardial impairment outside the aneurysm 
area can rarely be restored by even the most aggressive surgical 
treatment. One exception may be the young patient who has a 
diffusely hypokinetic left ventricle with an‘ aneurysm, signs of 
congestive heart failure but predominant symptoms of ‘angina 
pectoris. Occasionally, this patient can be successfully reha- 
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bilitated by improving his symptomatic status, however, an: ir 
crease in the long-term survival is speculative. 

Akinesis, secondary to Ein fibrosis, cannot always b 
differentiated by the preoperative left ventricular angiogram, an 
we believe this entity is distinctly different from a true ventricula 
aneurysm, These patients do not have a_good prognosis, prot 
ably because diffuse myocardial fibrosis inWariably exists in othe 
segments of the left ventricle. 

We have made no attempt to preserve the anterior descendin 
coronary artery in patients with classic anterior aneurysms. W 
consider this artery a lost vessel because it traverses the aneurys1 
wall anteriorly ‘and perfuses only scar tissue in the anteric 
one-half of the intraventricular septum. -` 

As this series shows, the best long-term results are in patient 
who have cardiac aneurysms and otherwise normal left ver 
tricular contraction .or’ the aneurysm patient who has som 
semblance of preserved ventricular contractility with a coronar 
obstruction that is amenable to a bypass graft. The fact the 
the venous autograft combinations have not increased morbidit 
or mortality in cardiac aneurysm patients is’ most encouraging. 


Primary Repair of Tetralogy of Fallot in Infancy Using 
Profound Hypothermia with Circulatory Arrest and Limited 


Cardiopulmonary Bypass: 


A Comparison with Conventional Two Stage Management 


I T HAS BECOME conventional, in most centers, to palliate 
severely affected infants with the tetralogy of Fallot 
by performing either a Waterston or a Blalock anastomo- 
sis, and to delay second stage intracardiac repair until 4 
or 5 years of age. It is claimed that such two-stage man- 
agement provides superior results to primary intracardiac 
repair," which has been associated with a high hospital 
mortality and a high morbidity rate when undertaken in 
this age group. 

The recent advent of safer intraoperative and post- 
operative technics in the infant group,*!° led us to ques- 
tion the superiority of two-stage repair and to embark 
upon a program of primary repair in the tetralogy, regard- 
less of both the age of the patient and the morphology of 
the right ventricular outflow tract obstruction. This report 
presents the results of this method of management in the 
first 2 years of life and compares these results with those 
obtained employing two-stage management. Only pa- 
tients with cyanotic tetralogy of Fallot are included; those 
with pulmonary atresia and large ventricular septal 
defect (pseudo-truncus) or with pulmonary stenosis and 
double outlet right ventricle and its variants are ex- 
cluded. . 


Period A (1960-1969) 
* In this decade a palliative operation was performed in 


severely cyanotic tetralogy infants presenting in the first 


* Presented at the Annual Meeting of the American Surgical 
Association, Los Angeles, California, April 25-27, 1973. 
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2 years of life (Table 1). For completeness, three infants 
aged 3, 5 and 7 months who had a Waterston anastomo- 
sis performed in 1970 and 1972 (Period B), bec@use it 
was inconvenient to arrange emergency intracardiac re- 
pair, have been included in this analysis. 

In earlier years palliation consisted of a Blalock or 
Potts anastomosis and occasionally, when these failed, a 
blind pulmonary valvotomy (Brock procedure). In later 
years a Waterston anastomosis was preferred in the first 
year of life. Seven of the 44 infants required a second 
palliative procedure because the first was ineffective and 
two of these failed to survive. The mortality was 50% 
below 4 months of age, but thereafter fell sharply to ap- 
proximately 10%, Our material does not show any less- 
ening of shunt mortality in infants in recent, compared 
with earlier years, although others have found this to be 
sg.11.12 4 

In addition to this significant hospital mortality, there 
is considerable morbidity from palliative surgery after 
hospital discharge and an occasional late death. Incom- 
plete relief of cyanosis, failure to thrive and recurrent 
respiratory infections have been common. Three patients 
developed a cerebral abscess which was a cause of late 
death in two and represents a late mortality of 6%. 

To this already formidable list must bé added the 
mortality of second-stage repair. Thirty-three of the 44 
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TABLE 1. Primary Palliative Procedure Performed in Tetralogy (1960-1969) 
Age range Blalock Waterston Potts Total 

(months No. Deaths No. Deaths No. Deaths No. Deaths No: Deaths 

0-3 3 2 8 4 1 0 —_ — 12 6 

4-7 j 5 0 5 0 1 1 1* 0 e 12 1 

8-11 4 1 2 0 — — = — 6 1 
12-23 i1 i 3 0 — — — — 14 1 
Totals 23 4 18 4 2 1 1 0 44 9 


TETRALOGY OF FALLOT 


* This procedure was ineffective but was followed by a satisfactory Waterston shunt, Two other Brock valvotornies were performed fol- 
lowing unsatisfactory shunts at 1 and 4 months of age but both infants died. These deaths are listed as occurring following the primary 


palliative procedure. 


infants survived palliation and 24 of these have now 
undergone second-stage repair with two deatlis. Both 
these children, operated upon at 4 years of age, had ab- 
sence or occlusion of the left pulmonary artery, a compl- 
cation which carries a high risk. In the absence of this 
complication the risk of second-stage rapdir is currently 
little different from primary repair in i ie hands 
and approximates 3% to 54.2.5 

Summarizing this information, the data indicate that 
when an infant with tetralogy demands surgical relief 
before the age of 4 months, the chances of survival with 
two-stage management are less than 50%. When pallia- 
tion is not performed until 4 months or later, however, 


survival increases to approximately 85%. When the anal- 
ysis includes all infants palliated under 2 years of age, 
survival beyond second-stage repair approximates 70% 
to 75% but is clearly dependent on the number of infants 
palliated in very early life. 


Period B (1970-1973) 


Commencing in February 1970, 24 tetralogy infants 
with severe progressive cyanosis or cyanotic spells have 
undergone primary intracardiac repair rather than a pal- 
liative shunt procedure (Table 2). An additional 13- 
month-old child with a previous Waterston anastomosis 
is also included (Case 19) because the shunt was per- 


TABLE 2. Results of Primary Repair of Tetralogy in the First Two Years of Life (Feb. 1970 to March 1973) 


Circulatory arrest 

Case N@. Age Wt (Kg.) Temp (SC) Time (min) 
1 4 wks 3.7 20 45 
2 5 wks 3.2 21 60 
3 6 wks 5.4 19 60 
4 2 mo 4.5 19 45 
5 2 mo 3.6 22 62 
6 3 mo 5.1 22 56 
7 3 mo 4.0 18 67 
8 3mo 5.0 18 67 
9 4 mo 5.6 20 42 
10 7 mo 7.8 22 50 
ii 7 mo 5.6 20 59 
12 8 mo 6.7 19 44 
13 9 moe 7.7 20 47 
14 9 mo 7.6 22 49 
15 9 mo 10.8 19 55 
16 11 mo 8.0 23 62 
17 11 mo 7.5 19 38 
# ig 12 mo 7.8 22 43 
19 13 mo §.1 19 54 
20 13 mo 8.3 18 52 
21 13 mo 8.9 24 43 
22` 16 mo 8.5 20 59 
23 16 mo 8.0 20 49 
24 18 mo 6.5 22 46 
25 21 mo 9.9 23 44 





PA- pulmonary artery; RV-right ventricle; Ao-aorta; IPPB- intermittent positive pressure breathing; 


CPAP-continuous positive airway pressure. 


* Severe hypoplasia outflow tract with PA diameter 4 or less that of the aorta. 


+ Previous Waterston anastomosis at 5 months of age. 


Systolic pressures 
Outflow (mm. Hg) Respiratory  [soprenaline 

patch PA/RV/Ao Support infusion 

No 13/50/90 IPPB Yes 

Yes* 20/30/50 IPPB Yes 

Yes* 15/29/52 IPPB Yes (died) 

No 20/34/60 CPAP No 

Yes 22/30/50 IPPB Yes 

Yes* 14/23/52 Nil No 
Homograft* 10/20/61 IPPB Yes 

Yes* ——/27 /45 CPAP Yes 

No 29/32/76 IPPB Yes 

No 11/55/70 Nil No 

No 18/23/70 Nil No 

No 19/29/95 CPAP Yes 

Yes* 50/65/90 Nil No 

No 23/23/80 Nil Yes 

No 22/40/95 Nil No 

Yes* 25/38/70 Nil No 

No —~/26/110 CPAP Yes 

No 23/30/100 Nil No 

Not: 32/37/90 CPAP Yes 

No 22/45/95 Nil No 

No- 13/20/67 Nil No 

Yes* 25/65/90 Nil No . 

Yes 22/35/82 IPPB Yes 

No 19/19/52 Nil No 

No 14/20/65 Nil No 
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formed during the period under review and because she 
was readmitted in a comatosed state with severe cyanosis 
and underwent emergency intracarciac repair, No infant 
was -refused operation because of age or unfavorable 
morphologic findings. The youngest child was 4 weeks 
old and had had £ repair of esophageal atresia soon after 
birth. Eight patients were under 4 months of age, 10 
were aged 4 to 12 months and seven were aged 13 to 21 
months, Weights ranged from 3.2 to 10.8 Kg. and most 
were within the normal range for age (Fig. 1). The 
frequency of severe hypoplasia of the right ventricular 
outflow and pulmonary trunk was far higher in infants 
under 4 months of age (5 of 8) than in those over this 
age (3 of 17) (Figs. 1 & 2). 


Technic of Repair 


Intracardiac repair was performed using deep hypo- 
thermia with circulatory arrest and limited cardiopul- 
monary bypass.? Deep hypothermia was induced using 
cardiopulmonary bypass alone in one instance. In the 
remainder the temperature was lowered by surface cool- 
ing to approximately 25 C before exposing the heart, 
cooling was then completed by a short period of cold 
perfusion which averaged 7 minutes, Circulatory arrest 
was established by occluding both cavae and the aorta 
at a nasopharyngeal temperature between 18 C and 24 
C and the intracardiac repair performed. The arrest 
time varied from 38 to 67 minutes. In recent cases surface 
cooling has been continued to a temperature of 22 C 
using a plastic water bed and anterior ice bags and the 
temperature lowered with perfusion to 18 C to 19 C 
prior to arrest (Fig. 3). 
~ The right ventricle was opened with a short trans- 
verse incision unless the angiocardiogram and prelim- 
inary dissection indicated severe outflow tract hypo- 
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Profound hypothermia repair 
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* Fic. 1. Age and weight in the 25 infants undergoing intracardiac 
repair. The curved percentile weight lines have been averaged 


e for boys and girls from the data supplied by the Children’s 
Medical Center, Boston. 
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plasia, when a vertical incision was made. Infundibular — 
obstruction was relieved by mobilizing and excising the 
septal and parietal bands of the crista and the pulmonary 
valve was examined from below. Any leaflet fusion was 
divided and distal leaflet tethering relgased. Assessment 
of the need for enlargement of the outflow region by an 
anterior pericardial gusset was made at this time. A gus- 
set was inserted whenever there was important residual 
narrowing and thickening of the pulmonary ring and 
pulmonary valye leaflets, particularly when these thick- 
ened structures narrowed the orifice to less than one half 
of the aortic root diameter. The patch always extended 
across the pulmonary valve ring and, when the bifurca- 
tion of the pulmonary trunk was also narrowed, into one 
or both of its branches. The elliptical patch had a max- 
imum width of 5 to 7 mm and enlarged the outflow to no 
more than 75% aortic root diameter. 

An outflow patch was required in six of the eight 
infants under 4 months of age (in Case 7, with virtual 
absence of pulmonary leaflet tissue, a valved aortic homo- 
graft was used instead), but in only four of the 17 (25%) 
over this age (Table 2). 

The ventricular septal defect was closed with a woven 
teflon patch using interrupted sutures. The atrial septum 
was exposed routinely as the size and nature of any inter- 
atrial communication was not established preoperatively. 

With the heart closed and emptied of air, rapid re- 
warming to 35 C was obtained by a further period of car- 
diopulmonary bypass, which averaged 22 minutes. Right 
and left atrial pressure lines and ventricular pacing wires 
were positioned prior to chest closure. ° 


Results 


There was one hospital death 36 hours postoperatively 
in a 6-week-old infant (Case 3) due to progressive severe 
cyanosis. At necropsy no pulmonary cause for this was 
demonstrated and the repair was intact. This infant was 
one of the eight with severe hypoplasia of the. outflow 
tract. The right ventricular/aortic systolic pressure ratio 
at the end of repair was low in this infant (Table 2) and 
was above 70% in only three instances (Cases 10, 13, 
22). | 

The postoperative course in most of the 24 surviving 
patients was uneventful, despite the fact that all had 
been severely incapacitated. Assisted ventilation or cos- 
tinuous positive airway pressure were used for 12 to 24 
hours in seven `of the eight infants up to 3 months of age, 
but in only five of the 17 over this age (Table 2).-Trache- 
ostomy was not required. Significant respiratory compli- ` 
cations occurred in only two of the survivors, in one 
related to respiratory infection and in the other to inhala- 
tion of vomit 48 hours postoperatively. A continuous 
Isoprenaline infusion was required in 12 of the 25 for® 
periods of 18 to 48 hours (Table 2) but in only or one e of the 
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Fic. 2. Two cineangiogram frames in diastole from Case 8 which demonstrate severe outflow tract hypoplasia. The thin arrow 
marks the site of maximal infundibular obstruction and the thick arrow the small pulmonary ring and thickened pulmonary 
leaflets, The pulmonary trunk is less than 1⁄4 the diameter of the aorta (A). At operation a pericardial patch was inserted from 
distal right ventricle into the first few mm of the left pulmonary artery. The main pulmonary artery had a diameter of 6 mm 


and the branch origins 4 mm. 
2 


24 survivors was there serious concern about a low 
cardiac output. Fat necrosis of the anterior abdomen and 
chest, due to the ice bags used for cooling, was recorded 
in six infants and was the cause of persistent fever. Com- 
plete heart block was present in Cases 8 and 14 after 
warding but disappeared on the eighth postoperative 
day. One patient had an isolated rightsided seizure 30 
hours postoperatively but no others have shown evidence 
of cerebral irritation or cerebral damage. 

On subsequent clinical assessment the cardiac status 
of all survivors has been good without evidence of a 
residual ventricular septal defect and in the three pa- 
étients who have been recatheterized to date, the data 
are confirmatory. Patient 13 died 6 months postopera- 
tively of epidemic gastroenteritis. At necropsy the repair 
of the heart was satisfactory and the lung vasculature 
was normal. 


Discussion 


The argument in favor of primary intracardiac repair 
in infancy rather than conventional two-stage manage- 
ment, centers chiefly around the current mortality of 
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shunt palliation in this age group, for the late mortality 
following shunt surgery is relatively low, at 6% in our 
series and 4% in the Mayo Clinic series;! and the risk 
of repair is not significantly increased by a previous 
Waterston or Blalock shunt. Analysis of five series®. & 7.9.12 
published betweeh 1964 and 1971 encompassing a total 
of 381 tetralogy infants palliated in the first year of life, 
reveals a hospital mortality varying from 12.5% to 30% 
and averaging 22%. In the two reports where there is 
an analysis of the age at operation in months®-” the data 
confirm that the risk is far greater in the first few months 
of life. Combining these results with our.own, it would 
appear that the hospital mortality of shunt palliation 
when performed under the age of 4 months is between 
35% and 50% and beyond this age falls to 10% or less. 
This latter figure is similar to that quoted as the current 
risk of palliation in infancy by Puga et al. possibly be- 
cause their series includes a prepondence of infants over 
3 months of age. Both our data and those of Starr et al.1® 
suggest that the high mortality in the early months of life 
is due to the frequency of severe hypoplasia of the out- 
flow tract in this age group. Accordingly, before the 
policy of primary intracardiac repair can be considered 
clearly superior to two-stage management, it must be 
shown that primary repair is also applicable in these 
tiny infants with severe disease. Our results suggest this 
is so, although the numbers are still too small to be con- 
fident of it. 

At this early stage in the development of safe technics 
for intracardiac repair in infancy, it is natural that there 
should be debate as to the best technic. We have pre- 
ferred profound hypothemia with circulatory arrest be- 
cause it provides superb operating conditions and there- 
fore avoids surgical error and because we have found no 
evidence that, when properly conducted, it is associated 
with cerebral damage. In this connection, psychometric 
testing is now being conducted in those infants operated 
upon under profound hypothemia in 1969 and 1970. The 
results do not show any important deviation from normal. 
It is possible that extracorporeal circulation at normo- 
thermia or mild hypothermia may prove a satisfactory 
alternative technic. However the recent report from 
Starr et al? using extracorporeal circulation for tetralogy 
repair in infancy, includes only one child under 4 
months of age and excludes those with-severe hypoplasia 
of the outflow tract. 

Any discussion of this subject is incomplete without 
considering the morbidity associated with the two alter- 
native methods of management. Following shunt pallia- 
tion in infancy a significant number of babies are limited 
by cyanosis, poor weight gain and recurrent respiratory 

‘infections and a second palliative operation may be 
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major operation some time in the future, are both unsatis- 

factory features. However, if primary repair is used in 
all instances, the morbidity must be minimal and no ` 
greater than when repair is delayed until an older age. 
In our series and that of Starr et al.“ there has been no 
important morbidity, in particular no permanent com- 
plete heart block and no recognizable residual ven- 
tricular septal defect. It must be conceded, however, 
that tetralogy repair is an exacting operation and the 
technic must be perfected in older children before it 


is transferred to the infant group. Finally, can additional 


morbidity be expected because early repair leads to 
a higher incidence of right ventricular outflow tract 
patching? We doubt if this is so. Although an outflow 
patch was used frequently in the youngest patients, 
these symptoms occurred early because of the severity 
of their disease. From what is known of the progressive 
nature of the pulmonary stenosis at valve and sub- 
valve level it is probable that early repair will lessen 
rather than increase the incidence of outflow patching 
in less severe cases. 


Summary 


The hospital mortality in 44 infants with severe 
cyanotic tetralogy of Fallot palliated in the first 2 years 
of life was 20%, the late mortality 6% and the mortality 
at second-stage repair 8%. The chance of survival be- 
yond second-stage repair was less than 50% when the 
infant required palliation under 4 months of age and 
approximately 85% when palliation was undertaken 
between 4 and 24 months of age. _ : 

In contrast, the hospital mortality of primary intra- 
cardiac repair in 25 infants under two years of age per- 
formed using profound hypothermia with circulatory 
arrest and limited cardiopulmonary bypass, was 4%. 
There was no significant morbidity although one infant 
died late from unrelated disease. No infant was excluded 
on the grounds of age or unfavorable morphology. Eight 
infants had severe hypoplasia of the right ventricular 
outflow tract and eight were under four months of age. 
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Impairment of Cell Membrane Transport 


During Shock and after Treatment 


ARTHUR E. BAUE, M.D., M. ALAN WURTH, Ph.D., 


IRSHAD H. CHAUDRY, Ph.D., MOHAMMED M. SAYEED, Ph.D. 


T HE DEVELOPMENT of technics to measure the functions 
of cells and their organelles has provided the op- 
portunity to determine alterations in cell function which 
may occur with shock and recover with treatment. Hal- 
dane once said that anoxia not only stops the machine, 
but wrecks the machinery. Circulatory failure is more 
complex than anoxia or hypoxia alone, but it does even- 
tually wreck the machinery. A number of investigators 
have dedicated themselves to the task of studying how 
cell functions are altered by shock. Such studies have 
included the morphologic changes in cells seen by elec- 
tron microscopy,’* mitochondrial function,!:%174123 ]y- 
sosomal enzymes,” the cyclic-AMP system and nucleic 
acid synthesis. We have found that with prolonged 
hemorrhagic shock, mitochondrial metabolic capability 
is decreased,!! mitochondrial cation content is altered 
with decreased potassium and increased sodium;? the 
Na-K ATPase activity is increased in the liver? and the 
energy containing compound ATP is greatly decreased 
in hepatic, renal and skeletal muscle cells.4 Most of 
these alterations are reversible by treatment with volume 
restoration. These changes and the work of others'®14 
suggest that the ability of cell membranes to carry out 
active cation transport may be impaired during shock. 

Maintenance of cationic gradients between cells and 
their surroundings is vital for the functioning of nerve 
and muscle cells, for the absorptive and secretory activity 
of cells of the gastrointestinal tract, and the renal tubules. 
Normal cationic distribution across cell membranes is 
also in all probability essential to the maintenance of 
norinal cell volume in most of the cells of the body. Thus, 


the integrity of cell membrane electrolyte transport must 
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be an important factor in the survival and function of 
cells. 

Shires and colleagues have studied cell membrane 
function in vivo by measurement of transmembrane 
potential and have found decreases with shock that 
may persist after treatment.* > 24, 26 This suggests an 
alteration in the ability of such cells to maintain normal 
ionic gradients. At the same time, we have studied 
cell membrane transport in an in vitro system tò try to 
measure the capability of the transport system more 
directly, and have reached similar conclusions.” The 
purpose of this presentation is to report the results of 
studies of alterations in cell membrane transport with 
shock which do not improve rapidly after treatment. 


Methods 


Male Holtzman albino rats weighing between 250 
and 300 Gm. were used in all studies. They were allowed 
water, but no food for about 20 hours before the experi- 
ments. The animals were anesthetized lightly with ether, 
and both femoral or subclavian arteries were cannulated 
with PE-50 tubing. Four hundred units of heparin were 
injected into each cannula. One of the cannulae was 
connected to a 1.7 m long PE-50 tubing calibrated in 
millimeters of mercury for measuring arterial blood 
pressure, while the other cannula was connected to a 
10 ml. glass syringe, which served as a blood reservoir. 
The duration of anesthesia was about 20 minutes. The 
animals were restrained and allowed to awaken. Con- 
trol animals were sacrificed after awakening. Hemor-. 
thagic shock was produced by bleeding into the glass. 
syringe until the mean arterial blood pressure was 40 mm. 
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) Hg. The maximum amount of blood withdrawn was 


roughly equal to 3% of the animals body weight, and 
represented approximately 50% of the animals total 
blood volume. At about 45 to 60 minutes of shock, the 
blood pressure þegan to decrease, and small aliquots 
of blood were returned to the animal to maintain the 
pressure of 40 mm. Hg. Three periods of shock were 
selected for study of the animals. 

Group I. Early shock. One-half hour after reaching a 
pressure of 40 mm. Hg was selected as the time when 
the maximum amount of blood had been removed to 
maintain this pressure. Most animals would be expected 
to survive if the shed blood was returned at this time. 
The animals in this group were separated into two sub- 
groups: a. Seven animals were sacrificed at that time 
without treatment; b. Eight animals were treated by 
return of all the shed blood and a volume of lactated 


Ringer’s solution equal to half the total volume of blood 


removed and were sacrificed 1 hour later. 

Group II. Decompensating : shock—the time when 25% 
of the maximum shed blood had to be returned to 
maintain a pressure of 40 mm. Hg. Previous studies have 
indicated that only 40 to 50% of animals will survive if 
treated at this time. Subgroup a. Ten animals sacrificed 
at this time without treatment; b. Twenty-two animals 
treated by return of the remainder of the shed blood 
and an additional volume of lactated Ringer's solution 


- equal to half the maximum volume of shed blood. These 


animals were sacrificed 1 or 2 hours after treatment. 

Group III. Late or severe shock—the time when 70% 
of the*withdrawn blood had to be returned to maintain 
a pressure of 40 mm. Hg. Six animals were sacrificed 
at this time. Treated animals were not studied at this 
period of shock because they usually died quickly 
after the remainder of the blood was returned and the 
early mortality approached 100%. 

All animals were sacrificed by rapid decapitation and 
exsanguination. The liver was removed and transferred 
to Krebs-Ringer bicarbonate solution (KRB). The com- 
position of KRB was Na+ 142 mEq/L, K* 5.8, Mg“ 0.6, 
Ca‘ 2.6, Cl 127.8, HCO; 24, HePOs 1.1, SO, 0.6, 
and 11 mM dextrose. Liver slices (0.3-0.5 mm. thick, 
average weight 50 mg.) were prepared with razor blades 
within 5-8 minutes after removing the liver, The cation 


gontent of some slices was determined immediately after 


preparation. 

` Measurement of Membrane Transport. This procedure 
was done in two ways, Slices (6-10) were incubated 
for 90 minutes in KRB in an Erlenmeyer flask at 0.5 C 
with continuous oxygenation with a gas mixture of 5% 
CO; and 95% Os. Some slices were then removed for 


. analysis. The remaining slices were then incubated with 


continuous oxygenation at 37 C with slices removed 
at 15, 30, 45 and 60 minutes for analysis. This method of 
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cooling and rewarming is used to measure the capability 
of the transport system. Cooling to 0.5 C stops active 
membrane transport of cations and sodium enters and 
potassium leaves the cells. The Na content of the total 
tissue greatly increases and K decreases. With rewarming, 
the transport system is reactivated and its ability to 
extrude sodium and reincorporate potassium into the cell 
can be measured. This capability of membrane transport 
is demonstrated by total tissue Na decreasing as it is 
removed from cells and total tissue K increasing as it is 
reincorporated into cells. In some experiments, liver 
slices were not chilled. These slices were transferred im- 
mediately after sectioning to an Erlenmeyer flask with 
an oxygenated medium ‘at 37 C. Slices were removed 
from the flask for analysis after 15, 30, 45 and 60 minutes. 

Determination of Cations and Water Content: All 
slices were blotted by gentle suction through filter paper 
and weighed. They were dried in a vacuum oven at 95 
C for 20 hours and were weighed. The difference be- 
tween wet and dry weights was the water content of 
slices. The dry tissue was digested in concentrated, 
heated HNO; to a clear solution. The digestate was 
diluted and analyzed for Na and K contents, in a Perkin- 
Elmer atomic absorption spectrophotometer. Cation 
contents were expressed at mEq/Kg. dry weight. All 
slices were measured in duplicate and results are 
expressed as means for the entire group, + the standard 
error of the mean (SEM). 

Determination of Inulin Space. Triplicate liver slices 
were incubated in 1 ml. of oxygenated KRB which con- 
tained 250 mg. of inulin. Slices were removed after 90 
minutes at 0.5 C and after 90 minutes at 0.5 C plus 60 
minutes at 37 C. They were blotted and quickly frozen 
on dry ice. Frozen samples were homogenized in 
Zn$Q,—Ba(OH )2 mixture and the precipitates separated 
by centrifugation. Aliquots of clear filtrate were analyzed 
for inulin by the modified method of Roe et al.!°? The ratio 
of tissue inulin per Gm. wet weight to medium inulin 
per ml, was equal to the inulin space in per cent of wet 
weight. It was assumed that the inulin space represented 
the extracellular space in liver slices. Extracellular cation 
contents were calculated by multiplying total extracel- 
lular water per Kg. wet weight by medium cation con- 
centration. The intracellular cation content was the dif- 
ference between the total tissue cation and extracellular 
cation contents. Computation of intracellular water con- 
tents, as the difference between total tissué water and 
extracellular water, allowed expression of intracellular 
cation concentrations in units of mEq/L. 


Results 


The cation contents of fresh liver slices are shown in 
Table 1. The control cation content values per unit” 
dry weight were similar to those reported by Van Ros- 
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TABLE 1. Catton Content of Livér Slices from Untreated Animals 
During Hemorrhagic Shock 
o Na K 
Control —— -----*“ 
(22) 155.73 + 3.85 362.58 + 7.31 
Shock ig 
Early—Group Ia(7) 210.80 + 7.70 329.68 +: 7.18 
25% Blood return- 
Group IIa (10) 266.20 + 6.28 343.66 + 6.73 
Late—Group III(16) 314.03 + 21.22 308.34 + 11.5 
+ SEM 


( )-Number of animals 
Units = Total tissue Na or K content in n mEq. /Kg. dry weight 


sum?’ and Parsons and Van Rossum.}8 Light ether anes- 
thesia and heparinization of the animals did not influence 
the cation contents of liver slices, There was, however, 
a progressive increase in Na and a decrease in K in the 
tissues of animals in shock as compared with unbled 
controls. The Na content increased nearly two-fold in 
Jate shock. The cation content of liver slices before and 
after treatment is shown in Table 2. The increase in Na 
with untreated shock was corrected by treatment in both 
Groups I and IL. In Group I b., Na decreased below the 
control value which would suggest very efficient re- 
moval of Na from cells. The decrease in K with shack was 
also corrected by treatment. Thus, the alterations in ca- 
tion content in fresh tissue produced by early shock were 
corrected by simple volume restoration. The results of 
study of transport capability for animals in Group I at 
the period of maximum bléed out with chilling of the 
tissues and rewarming are shown in Table 2 and Fi igure 
I. The changes in tissue cation content atid water with 
chilling in tissties from shock animals were parallel to 
those found in controls. In control animals Na decreased 
and K increased with incubation at 37 C indicating that 
active transport was taking place. In animals in shock 
without treatment there was no transport activity demon- 
strable. After treatment, however, there was transport 
activity demonstrable which had returned to the same 
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TABLE 2. Cation Content of Liver Slices before and after Treatment 


of Hemorrhagic Shock 
E a 
Na K 
Control r 
(22) 155.73 + 3.85 362.58 + 7.31 
treet 
Shock 





Group Ia (7) 

(Before treatment) 210.80+7.7 329.68 + 7.18 
Group Ib (8) 

. (After treatment) 117.18 + 5.16 353.38 + 7.52 

Group Ila (10) 

(Before treatment) 266.20 + 6.28 343.00 + 6.73 
Group IIb (12) 

(After treatment} (1 hr) 158.25 + 11.20 362.41 + 11.04 
Group IIb (10) 

(After treatment) (2 hrs) 142.38 +9.41 348.43 + 10.00 

+ SEM 


( )-~Number of animals l 
Units = Total tissue Na or K content in mEq./Kg. dry weight 


level of activity as occurred in control animals. Thus, at 
this period of shock, there was depression of cation trans- 
port as measured in this way in animals which were not 
treated, and this was réversed completely by treatment 
by volume restoration. 

In Table 4 and Figure 2 are shown the results in 
animals at the period of decompensating shock when 
25% of the shed blood was returned. The same depres- 
sion in membrane transport capability was seen in the 
untreated animals in shock. With treatment at this period, 
there was only a minimal return of transport capability 
1 hour after treatment. Na did decrease and K increased 
but the changes were small as compared to the controls. 

Table 5 shows the changes with time in slicés incu- 
bated at 37 C without prior chilling in controls and 
Group Il animals 1 hour after treatment. There is 
little evidence of active transport in the mean values 
in this group of treated animals. The small increase in 
K may indicate some K reaccumulation. In tissues from 
animals 2 hours after treatment, virtually the same results 
were found. Na content was 654 (mEq/Kg. dry weight) 





TABLE 3. In Vitro Na-K Transport in Liver in Shock—Group I 
Na K 
Control B.T. A. T. Control B.T. A. T. 
i (12) (7) (8) (10) (7) (8) «8 
Incubation 0.5°C a | 
90 minutes 708. 33 655.46 612.54 111.47 100.91 110.85 
a j +3,46 +17.79 +12.89 +3.35 +1.61 +3.8 
Incybation 37°C 
60 minutes 579.08 660.79 493.57 219.90 117.85 203.13 
_ £29.21 +2034 414.63 +7.16 +6.81 +6.15 
Difference | —129.2 +5.33 —118.9 +108.5 +16.9 +92.28 


Units—Total tissue Na or K content in mEq/Kg. dry weight, + SEM 


( )}—Number of animals 
B. T.—Before treatment 
A. T.—One hour after treatment 
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Fic, 1. The transport ca- 
ability of liver slices 
fomi control, untreated 
and treated animals in 
early shock is expr&ssed 
as the mEgq./Kg. 

weight of Na aided 
(—) and K reincorpo- 
rated (+) after incuba- 
tion at 37 C for 60 min. 
preceded by chilling to 


CELL MEMBRANE TRANSPORT 





415 


25% BLOOD SEMSE 


Fic. 2. Plot of the dif- 
ferences in Na and K 
content of slices at 0.5 C 
for 90 min. followed by 
60 min. at 37 C. Normal 
transport is present in 
controls, none with un- 





0.5 C for 90 minutes. In treated shock animals 
untreated shock, Na was and rninimal transport 1 
+ and K was only +7 hour after treatment. 
indicating Jack of active [C control sno Oe | 
transport. Untreated PS i 
+ 
Treated ' E Control +120 s3 
f EE Untreated CRHUR AI 
at 15 minutes at 37 C without chilling and 678 at 60 EZA Treated 


minutes. Na content was 714 after 90 minutes at 0.5 C 
and 716 after 60 minutes at 37 C. This indicated that 
there was no active Na transport. The K content increased 
from 109 at 15 minutes at 37 C without prior chilling to 
140 at 60 minutes. With prior chilling, K content in- 
creased from 119 after 90 minutes at 0.5 C to 156 after 
60 minutes at 37 C. Thus, there was some reaccumula- 
tion of K but this was minimal. 

Study of the data from individual animals in Group 
II b. shows some variability from animal to animal, 
particularly in Na contents. In the 12 animals in Group 
II b. studied 1 hour after treatment, there was only one 
animal which showed definite evidence of active trans- 
port of*both Na and K. In the ten animals in Group II b. 
studied 2 hours after treatment there were three animals 
which showed definite active transport of K and some 
of Na. One of these animals had a satisfactory blood 
pressure at the time and seemed to be recovering. This 
animal had evidence of both K and Na transport. A 
comparison of the data for this animal and another 
animal in this group which did not demonstrate transport 
is shown in Table 6. 

In Tables 7 and 8 are shown the data on animals in 
late or severe shock. Not only was there no evidence 


of active transport in these animals in shock, but Na 
tended to increase further rather than decrease during 
incubation. These data also suggest that chilling the 
tissue from an animal in shock may produce some cold 
injury. Comparing incubation at 37 C alone (Table 8) 
with prior incubation at 0 C followed by 37 C (Table 
7) indicates that Na increases further when there has 
been prior cold incubation. When Na reached levels of 
850-900 mEq/Kg. dry weight, it was above the medium 
concentration suggesting that Na was being bound to 
other molecules inside the cell by altered protein or 
other mechanisms. Using the measurement of inulin 
space, the intracellular concentrations of Na and K were 
calculated in control and late shock animal slices (Fig. 
3). Intracellular Na decreased with rewarming from 
the high level after cooling in normal tissue but con- 
tinued to increase in shock tissue. This indicates the 
inability of the shock tissue to extrude Na under these 
circumstances. The reverse of this occurred with K. The 
normal tissue could reincorporate:K into the cell with 
rewarming, but the shock tissue could not. 

The changes in tissue water in this study were much 
the same as previously reported by us.”? Total tissue water 


nN 


TABLE 4. In Vitro Na-K Transport in Laver in Shock—Group II 


- Na K 
é , 
Control B. T. A. T. Control B. T. A. T. 
(12) (10) (12) (10) (10) e (12) 
Incubation 0.5°C 708.33 711.80 74902 111.47 113.90 104.19 
90 minutes +3.46 4:33.67 421.18 +3.35 +2,83 +3.6¢ 
Incubation 37°C 579.08 820.20 710.57 219.90 129.70 143.12 
60 minutes +2921 +2932 +26, 80 +7.16 +3.89 +7.02 `> 
Difference — 129.25 +8. 40 —39.00 4108.00 +16.00 -4-40.00 


e Units—Total tissue Na or K content in mEq./Kg. dry weight, + SEM 
( )—Number of animals 
B. T.—Before treatment , 
A. T.—One hour after treatment 


BAUE, WURTH, CHAUDRY AND SAYEED 


AIG Ann. Surg. + October 1973 
TABLE 5. In Vitro Na-K Transportin Unchilled Liver Slices Incubated at 37°C after Preparation 
Na K 

. Group IIb-one hour Group IIb-One hour 

Incubation Time Control (11) after treatment (12) Control (11) after treatmegt (12) 
0 131.57 200.27 330.02 330.24 
+5.93 +5.77 +8.55 +5.77 
15 min 583.50 691.61 119.53 98 . 96 
+40. 32 +18.17 +7.12 45,91 
30 min 510.19 748.77 154.12 107.34 
+21.12 +20.68 +10.01 +5.39 
45 min 466.75 743.91 200.49 110.69 
| £16.97 +23.05 +8.39 +6.35 
60 min 489.75 756.67 223.79 126.90 
+17.56 +26.02 +11.16 +9.75 





( }-N umber of animals 


Units—Total tissue Na or K content in mEq./Kg. dry weight + SEM 


increased by about 20% in fresh slices in late shock. 
When the slices were incubated at 0.5 C for 90 minutes, 
tissue intracellular: water increased in both control and 
late sliock slices to 3. 59-3, 58 with no differences in the 
two. However, after incubation at 37 C intracellular 
water decreased significantly in control tissues but did 
not change in shock animal slices. Thus, the normal 
cells were able to remove some of the accumulated water 
but cells after shock could not. The changes in intra- 
cellular water with treatment were not measured in the 
pressent study. 


Discussion 


The study of Na-K transport in the liver in vitro by 
measurement of tissue slice cation contents after chilling 
and rewarming in Krebs-Ringer’s solution has been ré- 
ported by a number of investigatiors.1°°8 It has been 
shown that during chilling of slices at 0-1 C, suppression 
of cellular metabolism produces complete cessation of 
the energy-linked cation transport functions. After 


‘chilling of tissues for 90 minutes, Na’ and CF diffused 


from the medium into tissue water to establish a Gibbs- 
Donnan type equilibrium. 18 Potassium diffuses out of 
tissue water, but the ratio of [K] in slices/ [K] in the 


TABLE 6. Comparison of Na and K Transporti in Two Animals, 
Two Hours after Treatment of Shock at 25% Blood 
Return—Group IIb 





Na K 
Time  AnimalA AnimaiB  AnimalA Animal B 

Fresh 96 108 323 444 

0. 5°C for 
90 min 623 775 123 120 
37°C for 15 min 567 719 137 169 
30 min 527 836 179 116 
45 min 50& 829 230 146 
60 min 537 802 223 140 





Units = Total tissue Na or K content in mEq./Kg. dry cani 


medium exceeds by a factor. of 4-5 the similarly esti- 
mated ratio for the diffusable anion CF. This behavior 
of K was thought by Heckman and Parsons to indicate 


. the presence of this cation in the tissue water in a 


bound and free form, the bound K being responsible 
for deviation ‘of K distribution from the Gibbs-Donnan 
equilibrium. Upon rewarming of tissues at 37 C, a reacti- 
vation of metabolically linked cation trarisport has béeri 
shown.?* It is known that intracellular Na would decrease 
against a concentration gradient and also against an 
electrical gradient as it has been shown that the rat- 
liver cell interior is negative to the outside.” The reac- 
cumulation of K by liver slices following incubation at 
37 C also occurs against an electro-chemical gradient as 
the K equilibrium potential calculated using the esti- 
mated intracellular K and the medium K in the Nernst 
equation exceeds the méasured transmembrane potential 
in liver (—43 mv)? These criteria fulfill the definition 
of Ussing of active transport.” Inhibition by the cardiac 
glycoside ouabain of active cation movement in rat-liver 
slices has been shown at a concentration of .75 mM 
and supports the “active” nature of cation movements 
in tissue slices. With the same methodology as used in 
the present study, we have previously found that ouabain 
did, indeed, inhibit active cation movements against 
gradients in liver slices from control unbled animals. 
Total cation content values per unit dry weight in the 
present study were similar to those reported by Væ 
Rossum.28 There was no.obvious effect of the prior use 
of light ether anesthesia and heparinization of the animals 
in this study. 

In the present study, we found in early shock, within 
a half-hour after reaching an arterial blood pressure of 
40 mm. Hg, that the transport capabilities of liver slices 
from such animals were severely impaired. No evidence, 
of active transport was demonstrated in these tissues 
following cooling and rewarming. This was true for both 
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TABLE 7. In Vitro Na and K Transport in Late Shock (Group IID) 


Chilled 
Fresh slices 0.5°-90 min 
Controi® 335.25 95,72 
K (6) +7.21 +3.61 

Shock 311 99 
(6) 417 +7 

Control 140.89 753.87 

Na (6) +7.58 +23.69 
Shock 288 739 
(6) +26 +30 


Rewarmed—37° 


15 min 30 min 45 min 60 min 
109.74 165.04 201.79 e2i5.10 
+6.80 +:9 _66 +11.18 +10.07 
94 123 114 113 
+5 +5 +2 +4 
683.22 569 80 517.92 606.04 
+46.05 +38. 30 +44 37 +28 .62 
787 862 915 927 
+42 +59 +48 +39 
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Units = Total tissue Na or K content in mEq./Kg. dry weight + SEM 


( ) = Number of animals 


Na and K. When animals were treated by volume re- 
placement at this early period of shock, however, the 
transport capabilities of such tissues returned to normal 
within 1 hour. In Shires’ studies in which he and his 
group measured the transmembrane potential of skeletal 
muscle of animals in shock,*:5.2426 the transmembrane 
potential did not change until the animal had been in 
shock for 1 to 1% hours. Following this decrease in 
membrane potential, transport capability was found to 
be reduced as determined by tissue biopsy, cation con- 
tents and the chloride space calculated using the Nernst 
equation. The changes in the liver in our study took 
place much more rapidly than in Shires’ study of skeletal 
muscle, In preliminary studies, we have found that the 
transmembrane potential in the liver which normally is 
—40 to —43 mv decreased very rapidly within the first 
half-hotir after producing shock. Shires has also found 
this to be true. This rapid change in membrane potential 
is in agreement with the rapid impairment of trans- 
port capability measured in vitro in the present studies. 
Reasons for this rapid impairment in liver cell membrane 
transport with shock could be that liver blood supply 


TABLE 8. In Vitro Na and K Transport in Late Shock in Unchilled 
Laver Slices Incubated at 37C 





Na K 

Control LateShock Control Late Shock 
Incubation Time (11) (6) (11) (6) 
Feesh slices 131.57 314 330.02 308 
+5.93 +21 +8.55 +11 
15 min 583. 50 796 119.53 95 
+40. 32 +31 +7.12 +5 
30 min 510.19 871 154.12 119 
+21.12 +443 +10.01 +7 
45 min * 466.75 784 200.49 126 
+16.97 +48 +8.39 44 
60 min 489.75 758 223.79 127 
+17.56 +37 +11.16 +15 


* ( ) = Number of animals 


Units = Total tissue Na or K content in mEq./Kg. dry weight 


+ S.E.M. 


is more severelv impaired than is skeletal muscle, or that 
in the resting animal the metabolic needs of the liver are 
greater than skeletal muscle. In animals in the middle 
period of shock after 25% blood return, when the circu- 
lation was beginning to decompensate by vasodilatation 
requiring blood to be returned to the animal, the findings 
were similar. There was little or no evidence of transport 
of the tissue slices from the animal in shock. The ques- 
tion arises as to whether chilling, which has been used 
to stop active transport in this study, could have a detri- 
mental effect upon a tissue which is already injured 
by shock. The possibility that this may occur was studied 
by incubating some slices at 37 C without prior chilling. 
In prior studies, we found that such slices from animals 
in shock were capable of some active transport, but this 
was less than 50% of the control values. In the present 
study, comparing Tables 4 and 5 it is seen that when 
the slices were chilled initially and then rewarmed, there 
was a further increase in Na rather than a decrease and 
a small increase in K during the period of rewarming. 
When, however, the tissue was not chilled, but kept at 37 
C there was an initial, large increase in Na at 15 minutes 
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and a decrease in K comparable to controls, but then 
these values leveled off without any further increase in 
Na and some increase in K. This would indicate that 
some residual Na-K transport capability was present in 
liver slices from geverely shocked animals, but that this 
activity could not be retained during chilling. Thus, 
lowered synthesis of energy during cold incubation which 
only reversibily suppressed Na-K transport capability 
in control liver slices may have produced a more complete 
breakdown of this transport mechanism in late shock 
animal tissues. Thus, the Na-K transport mechanism 
is not only depressed in shock tissues but.could also be 
more susceptible to any further metabolic stress which 
reduces synthesis of energy rich compounds. Further 
injury with chilling, if it did occur, did not seem to be 
severe because, when early shock animals were treated, 
transport capability returned promptly to normal even 
when the tissue was chilled. 

‘When animals were treated by volume replacement 
at the period of decompensating shock when 25% of the 
blood had te be returned to maintain a blood pressure of 
40 mm. Hg, there was little or no evidence of improve- 
ment in transport capability in the tissues from these 
animals. In looking at the data from individual animals, 
however, it was seen that in one of the 12 animals sacri- 
ficed 1 hour after treatment there was definite evidence 
of transport even though this was not evident in the 
mean values for the entire group. In the animals from 
group H sacrificed after 2 hours there was improvement 
and evidence of transport capability in three of ten 
animals. An example of this is shown in Table 6 in 
which animal “A” showed definite evidence of transport 
capability by extrusion of sodium and incorporation of 
potassium whereas animal “B” showed no evidence of 
transport capability. Thus, it seems that after treat- 
ment of prolonged shock with decompensation, there 
is variability among the animals and some showed im- 
provement in transport capability whereas others did 
not. With this period of shock and treatment, survival 
would be predicted to be only 40-50%. Although im- 
provement in transport capability could be related to 
eventual survival, we do not have sufficient information 
or experience at this time to speculate about this. 
This method of measurement of transport capability 
requires sacrifice of the animal, and does not allow 
documentation of survival in the same animal. Further 
studies are contemplated at longer periods of time 
after treatment to see if transport capability returns 
-ih a larger number of the animals. Several of the animals 
in this series that did have return of transport capability 
also had a very satisfactory blood pressure at the time 


, and seemed to be responding satisfactorily. However, 


one animal which demonstrated return of transport 
capability had a blood pressure of 60 mm. Hg at the time 
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of sacrifice. The failure of early return of transport 
capability in many animals after treatment could be due 
to a progressive alteration or damage to the cell mem- 
brane with shock. 

In late shock, transport capability was’greatly depressed 
and in tissue slices from these animals, with chilling 
and rewarming, Na continued to increase and K in- 
remained virtually unchanged. When tissue slices from 
animals in late shock were incubated without prior cool- 
ing, Na did not progressively increase but remained 
fairly stable and K increased slightly. This indicated 
virtually no transport capability. Treatment of these 
animals in late shock was not carried out in the present 
study because we have found that even with treatment, 
the survival time was short, very few of the animals 
improved even transiently, and the mortality was virtu- 
ally 100%. 

The large variability in Na contents of the tissue slices 
is evident. This is always a problem in studying tissue 
slices because of several technical factors. Sodium is in 
the incubating medium in a concentration of 142 
mEq/L and the slices must be blotted before weighing 
and preparation. Slight variations in blotting could pro- 
duce large changes in content. This probably accounts for 
much of the variability in Na contents. Also, the liver 
injury with shock probably varies in different animals 
and could increase the variability of Na contents. With 
K, more constant values are obtained. For these reasons 
we are hesitant to conclude that there is active membrane 
transport present in tissue slices unless the ampunt of 
Na extruded is 100 mEq/Kg. dry weight or more, and 
the K reincorporated into the cell is 30-50 mEq/Kg. 
dry weight or more. The sensitivity of the transport sys- 
tem to injury is evident from the values in tissues removed 
from an animal, with slices prepared and incubated in a 
satisfactory environment at 37 C. Even in normal tissue 
there was a large increase in Na content at 15 minutes 
and a decrease in K, indicating that the period of prep- 
aration of the slice and initial incubation produced a 
tremendous alteration in these cations. In the normal 
tissue, however, once placed in this satisfactory environ- 
ment, transport capability returned and was demon- 
strable. In addition, it can be seen in the kinetic studies 
of cation contents as a function of incubation time in 
shock tissues, that there was a tendency toward deterio- 
ration of the tissue after 1 hour of incubation at 37 C. 
Often the last value at 60 minutes showed an increase 
in Na rather than a progressive decrease if transport 
capability was maintained. This tail-end change may be 
a problem of deterioration of the tissue in vitro. 

We have previously demonstrated that ATP levels were 
greatly reduced in early and late shock in liver tissue.’ 
The failure of Na-K transport in shock might be related 
to such a reduction of ATP levels in the cells, but there 
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is also the possibility that Na-K transport failure is a 
primary event due to an alteration in the cell membrane 
and ATP synthesis is effected secondarily. A decrease 
in oxidative metabolism due to changes in transport 
and/or an effect òf transport related changes in the cyto- 
plasmic cationic milieu on cellular respiration are further 
possibilities. A detrimental effect of Na on mitochon- 
drial respiratory control has been shown by Gomez- 
Puyou et al? 

The cation contents in fresh liver i from untreated 
animals in shock showed a progressive increase in Na 
with time reaching twice the control value in late shock. 
With this, there was a concomitant decrease in K of 
about 15 percent. The methodology of this study does 
not allow measurement of intracellular and extracellu- 
lar distribution of these cations in the fresh tissue slice. 
Thus, it cannot be stated with certainty that these 
changes represent changes in intracellular concentra- 
tion. The question can be asked whether the increase 
in Na in the fresh tissue slice of the shocked animal 
could be due to increased blood or fluid in the liver 
with shock. The slices were prepared, of course, from 
the livers of both control and late shock animals which 
were exsanguinated prior to excising the livers. In con- 
trol animals, exsanguination has been shown to leave 


a residual quantity of blood to the extent of no more 


than 4% of liver weight. Secondly, slices from both 
control and shock animals were blotted by suction 
through filter paper. Thus, sequestration of large amounts 
of blogd or fluid seems unlikely to account for this 
difference. However, even if it was assumed that all of 
the increase in tissue water found in late shock slices 
was due to plasma from sequestered blood, or from in- 
creased extracellular fluid, this would not explain the in- 
creased Na. The increase in total tissue water with 
shock was approximately 500 Gm/Kg. dry tissue. Assum- 
ing that this was all due to pooled plasma and that the 
Na concentration of plasma was 140-160 mEq./L, Na 
could be increased about 70-80 mEq/Kg. of dry tissue. 
The average increase in Na with late shock was about 
160 mEq/Kg. dry tissue. In order to produce this in- 
crease in Na, the amount of residual blood in the liver 
would have to be about 50% of liver weight which does 
not seem possible. Shires and his group in their study 
of muscle cation content of baboons in shock with the 
calculation of intracellular and extracellular distribution 
by membrane potential, and chloride space measure- 
ments, found an increase in intracellular Na of about 


' the same magnitude as we found in total content in 


liver and about the same decrease in intracellular K. 
The fit of our data with his suggests that the sequential 
#ncrease in Na in the liver with shock was indeed due to 
intracellular accumulation. Shires, however, found no 
change in total cation content of Na or K in muscle, 
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in contrast to our study of the liver. This is most likely 
due to differences between liver and muscle. Following 
treatment, the Na and K contents of the tissues re- 
turned toward normal or were even better than normal, 
suggesting that treatment reversed she transport ab- 
normality to a reasonable extent in vivo. Again, how- 
ever, it was not possible to calculate the intracellular 
concentrations of these cations in the fresh tissue. The 
greater change in Na than in K could indicate a specific 
permeability defect for Na in shock which was associated 
with an increase in tissue water. The in vivo measure- 
ment of transmembrane potentials in skeletal muscle 
in shock by Shires group has suggested alterations in the 
Na pump and/or increased Na permeability. This is 
compatible with the data of the present study. An 
earlier finding of increased Na+K-ATPase activity in 
the liver with hemorrhagic shock?’ may be related to the 
increase in tissue Na levels in shock, as this cation 
would stimulate the transport enzyme activity. The Na 
related increase in transport enzyme activity may not 
indicate necessarily an increased level of active cation 
translocation across the cell membrane, but a direct Na 
effect on enzyme activity. The coupling between Na 
activation of the transport enzyme and the trans- 
membrane cation translocation would require a sufficient 
amount of the high-energy compound ATP. This, of 
course, has been found to be severely reduced in hemor- 
rhagic shock in studies from our laboratory.* Flear e¢ al. 
have measured similar changes in skeletal muscle of 
increased water, Na and Cl and decreased K in patients 
during. major operations.® 

When the intracellular and extracellular components 
of tissue Na were estimated by measurement of the 
inulin space, it was found that there was a significant 
increase in intracellular sodium in shock with chilling 
compared with chilled control rat-liver slices. The ratio 
of intracellular to medium Na in control liver slices was 
1.15 which is similar to that shown by Heckman and 
Parsons.!® This led these authors to conclude that there 
is a slight modification from the Donnan equilibrium 
for Na. This ratio was significantly higher in late shock 
animal liver slices (1.50) and may indicate a further 
deviation from Donnan equilibrium. However, a definite 
conclusion on this point cannot be made as diffusible 
anions were not measured in this study. With rewarming 
of late shock animal liver slices, Na contents continued to 
increase both in total tissue and in intracellular water 
indicating a complete failure of active Na extrusion. 
This increase in intracellular Na in late shock would, 
increase the ratio of Na in tissue water to medium over 
that observed with chilling alone. This again might - 
be due to deviation of the Na distribution from that 
expected on the basis of Donnan equilibrium in the “ 
liver slices of shocked animals. It is possible that the 
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increase in Na represents Na that becomes bound or 
immobile in some other manner within the cell. Along 
with the Na increase there was a progressive increase in 
water contents with warming of shocked animal 
liver slices. This emay represent a breakdown of the 
energy-linked Na transport process, allowing Na to 
accumulate intracellularly with subsequent increase in 
diffusable anions and water as was found during cold 
incubation by Heckman and Parsons.!? The increase 
in Na intracellularly with warming was associated with 
the failure of K reaccumulation. 

Although not specifically studied in this present 
report, we have previously found that total tissue water 
during shock increased from 2.3 Kg. water/Kg. of dry 
tissue in controls to 2.8 Kg. water/Kg. of dry tissue with 
late shock. After cooling, the water content of both 
control and shock tissue slices had increased to 3.52 and 
3.58 which were no different. Intracellular water had 
increased in both. Thus, with cessation of active transport 
in the control and shock tissues by cooling, the increase 
in water intracellularly was comparable in both. With 
incubation, however, at 60 minutes at 37 C the intra- 
cellular water content from rat-liver slices in control 
animals decreased from 3.52 to 2.54, a significant de- 
crease; whereas, in. shock tissues the change was from 
3.58 to 3.43 which was not a significant change. Thus, 
as active transport was initiated by rewarming, the con- 
trol or normal tissue was able to decrease its water 
content significantly, presumably by extruding Na and 
therefore a decrease in water; whereas, the shock tissue 
could not do this. In addition, the extracellular water of 
tissue slices in control animals did not change significantly 
with rewarming, but in shock tissues with rewarming 
there was an increase in extracellular water as well. The 
increase in cell water with the Na-K transport break- 
down in shock may represent the cell swelling which 
has been observed in shock,"!* and in ischemia.” De 
Palma et al. have now shown that the cell swelling seen 
by electron microscopy with shock can be corrected by 
treatment.’ Although a derangement in the Na-K trans- 
port system seems to be a reasonable explanation of cell 
swelling in shock, other possibilities cannot be excluded. 
These include 1) breakdown and accumulation of tissue 
metabolites which increase osmotic concentration, thus 
promoting the entry of water intracellularly; 2) break- 
down of ay active water transport mechanism following 
energy depletion. In chilled rat-liver slices the break- 
down of the Na-K transport mechanism has been shown 
by Heckman and Parsons!* to be the most important 
factor in swelling, at least during the first 1 to 2 hours of 
cold incubation, Although the data presented in this 
paper, and in our previous work do not show a direct 
relationship to the Na-K transport failure and changes 
in cell water contents and, thus, cell volume, to altered 
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oxidative metabolism of mitochondria such a relationship 
seems likely in shock. In liver slices, the rate of respira- 
tion is reduced when the active transport of Na and K is 
inhibited by the cardiac glycoside, ouabain. This has 
been interpreted as being due to a cOupling between 
cation transport and respiration by ADP released in the 
cation transport process. The ouabain sensitive portion 
of respiration has been considered to represent the energy 
requirements of cation transport. In our previous study, 
we found a 50% decrease in respiration of liver slices 
in shock when the slices were previously chilled. This 
decrease could be in part due to a decrease in the Na-K 
transport process. If there was no uncoupling of mito- 
chondrial respiration, the reduced oxygen consumption 
would be considered more than sufficient to sustain the 
transport process. But since partial uncoupling of mito- 
chondrial oxidative phosphorylation has been shown in 
shock by us and others,117.?! this decrease could be re- 
lated to a primary or a secondary failure of Na-K 
transport. A decrease in respiration was also found in late 
shock animal liver slices which had not been chilled 
and this decreased respiration in late shock was not 
altered by ouabain at a concentration of 0.5 or 1 mmoles/ 
L. The aksence of the ouabain inhibitable portion of 
respiration with shock also supports the finding of failure 
of Na-K transport in shock. A further role of altered Na- 
K transport in shock is suggested by the knowledge that 
ion transport is coupled to active sugar and amino acid 
transport in the intestine and sugar transport in skeletal 
muscle. Thus, alterations in the transport systeņp with 
shock could influence many cell functions. 


Summary and Conclusions 


1. In vitro cell membrane transport of Na and K in the 
liver was severely impaired during hemorrhagic shock. 

2. This defect was rapidly corrected in early shock by 
nonspecific treatment with volume replacement. 

3. As shock continued, the depression of cell membrane 
transport was not rapidly corrected by treatment and 
persisted. 

4, Other alterations in hepatic cell function produced 
by shock which we have measured have been 
rapidly corrected by treatment. 

5. Persistent depression of cell membrane transport may 
be a limiting factor in severe, prolonged shock. 
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DISCUSSION 


Dr. G. Teomas Sres (Dallas): We presented, as Dr. Baue 
mentioned, to this Association last year some studies in parallel 
using in tive technics which I would like to recount for a mo- 
ment and ask Dr, Baue one question. 

- The studies presented here last year. utilized the direct mea- 
sufement of skeletal muscle transmembrane pctential in hemor- 
rhagic shock in intact primates. The results indicated the existence 
of a major alteration in membrane function in skeletal muscle 
duririg prolonged hemorrhagic shock. These studies also showed 
the reversibility of the cellular changes following resuscitation, 
with survival of the primate. 

Subsequent studies that we recently reported at the Society 
of University Surgeons measuring action potentials in conjunction 
with resting potentials were shown during the control and the 
shock and resuscitation phases. We did this to get a better 
Handle on the in vivo movement of ions: 

Utilizing the transmembrane potential and muscle biopsy in 
the previous stidy, we demonstrated the movement of sodium, 
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chloride and water into the muscle cells accompanied by a loss 
= a cellular potassium in the living primate in hemorrhagic 
shock. - 

This last slide, from these most recent studies shows a decrease 
in the amplitude of muscle action potentials as well as prolonga- 
tion of both the repolarization and depolarization times in 
hemorrhagic shock. Resuscitation reversed these changes acutely 
except for the repolarization time which recovered more slowly. 

These changes then confirm, in vivo, the previously re- 
corded increase in intracellular sodium and. decrease in intraeel- 
lular potassium. While intracellular sodium returned to normal 
levels very promptly with therapy, the prolonged repolarization 
seeri here gives, im vivo in recovérable primate shock evidence 
that there may well be a delay in recovery in some cells, par- 
ticularly in the potassium repletion phase. 

I might ask Dr. Baue one question and that is, do you believe 
the transport defects which you measure; which agree with our 
own in vivo whole cell studies, might be slower or impossible 
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to reverse because of the in vitro nature of thé subcellular prep- 
aration? I also wonder if the cold injury in the study, which was 
shown so nicely, might be additive to the shock injury and 
that .in fact, without the two injuries, perhaps the recovery 
period might have ‘been less prolonged. 


e 

Dr. Gronce H. A. CLowes, Jr. (Boston): I believe the last 
slide was the most pertinent of the lot. An energy crisis cer- 
tainly exists when perfusion fails to furnish oxygen. 

The reduction of sodium and potassium transport probably is 
a function of reduced ATP content of the cell. Almost every 
tissue behaves in this fashion regardless of what part of the 
body it is in. Although it is not understood how ions are 
conducted across membrane, it is known that ATP is involved 
in this process. The ion transport against diffusion gradients re- 
quires an exchange of energy which has been stored in ATP. 

The tissues from Dr. Baue’s animals which had been in shock 
immediately prior to assay for capability of transport, failed 
to show activity. On the other hand in tissues from animals, 
which were treated and allowed to have a half-hour of perfusing 
themselves, the energy (ATP) apparently had been restored 
enough so that the ion transport was again reconstituted. 

This concept is possibly an explanation for the reduction of 
membrane potential and excess sodium requirements after shock 
which, as described by Dr. Shires, are proportional to the length 
of shock. Dr. Baue studied liver slices, and the liver fiinction 
is well known to be injured by hypovolemic shock. Perhaps this 
is because the splanchnic vascular bed is among the first to be 
deprived of circulation by vasoconstriction. Furthermore, it is 
well known that the metabolism of the liver rapidly dissipates its 
stores of energy. For example, without cooling it appears im- 
possible to transplant the liver with success even after a brief 
tissue. 

Other problems . present themselves in the preparation used 
by Dr. Baue. Does endotoxin coming from the gut, as sug- 
gested by Dr. Jacob Fine; play a role in this obvious injury? 
One would be inclined to think not. Otherwise why should 
recovery’ take place so quickly with a restoration of perfusion. 
One wonders whether the volume of normal saline “equal te 
the shed blood” played a role in the recovery of membrane 
function. Were any experiments done in which only blood was 
returned to the animals? 

Finally, one must realize that the capacity of any cell to 
maintain its intracellular potassium concentration and osmotic 
gradient are absolute necessities for function. This function is 
dependent not only on energy production but membrane integrity. 
This might be a good model ‘to test the effectiveness of steroid 
therapy for the protection of membranes. Many of the other 
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agents suggested to protect cells or t 
might well also be tested by this syste 

In short, Dr. Baue’s interesting pi 
It would appear that fundamental wc 
help us to arrive at the most effecti 
standing of the mechanisms which f 


Dr. A. E. Bave (Closing): I wou! 
and Dr. Clowes for their comments. 
that our data on alterations in cell me 
in vitro, agrees so completely with 
oratory or. cell membrane potential me 

The demonstration by Dr. Shires’ 
tential of skeletal muscle is altered witl 
to normal for some time after treatn 
dence we have that following treatm: 
brane transport to return toward nor 
late and severe shock, alterations in 
gradually toward normal. This may 1 
suggested to a regeneration or recyclii 
which are not well understood at the 

Dr. Shires asked whether subjectir 
perature efter a period of shock cou 
effects of shock. We did find some di 
animals in late or severe shock wher 
incubated at 37 C without prior chi 
of the tissue from an animal in late s 
cooling and then during a period c 
further increase. However, if this tissu: 
but kept at a temperature of 37 C 
sodium content did not occur. Thi 
might be some additive effect of o 
animal in shock. However, this char 
because the tissues from animals in 
did return to normal after treatment. 

Dr. Clowes asked as to whether stuc 
other methods of treatment. We ha’ 
We used only treatment by return 
volume of Ringer’s lactate solution ec 
of maximum shed blood. I doubt if 
altered things very much. 

The information provided in this 
important in prolonged organ storag 
in transplantation. Cold perfusion has 
but this produces a limitation becar 
creased or stopped by cold perfusior 
water to enter cells and may alter 
tissue or its ability to respond followi 


Now Seamless offers Foley Catheter Trays specially designed by nurses, 
for patient care and comfort. Protected by a 25” x 25” inner wrap that 
offers a large sterile work area. The contents of the trays include, either a 
16 FR or 18 FR teflon-coated Patient Care Foley Catheter, large underpad, 
specially designed oversize fenestrated drape, forceps, prep cup, extra 
supply of rayon balls, Betadine solution, latex examination glove, 
specimen container and label, 1200 cc drainage tray, a full 5 grams of 
lubricating jelly, and pre-filled syringe. All items are disposable. The 
source for better catheterization procedures — the Seamless Foley 
Catheter Tray! Seamless, New Haven, Connecticut 06503. 
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The versatility of Phenergan can make it a useful 
medication following surgery, both in the recovery room 
and back in the ward. 

Phenergan helps you prevent and control nausea and 
vomiting associated with certain types of anesthesia and 
surgery. Also, Phenergan may be given as anedjunct to 
analgesics to help control postoperative pain* 

In addition, you can use Phenergan to help provide 
sedation. It helps allay apprehension and provide a light 
sleep from which your patients can be easily awakened. 

You can even administer Phenergan IM or IV+} 
Phenergan. Versatile. 


INJECTION 


PHENERGAN” 
(PROMETHAZINE HC! ) "=" 


“Because Phenergan adds to the sedative effects of CNS de- 
pressants, including narcotics, such‘agents should either be 
eliminated or used in reduced dosage in the presence of pro- 
methazine 


trip asmoo 


Indications: Promethazine HCI injection is indicated when the oral form 
is impractical for: Amelioration and prevention of allergic reactions to 
blood or plasma in patients with known history of such reactions in 
anaphylaxis as an adjunct to epinephrine and other standard measures 
after acute symptoms have been controlled; for other uncomplicated 
allergic conditions ofthe immediate type when oral therapy isimpossible 
or contraindicated: active treatment of motion sickness; preoperative, 
postoperative anc obstetric (during labor) sedation, prevention and con- 
trol of nausea and vomiting associated with certain types of anesthesia 
and surgery as an adjunct to analgesics to control postoperative pain; 
for sedation and relief of apprehension and to produce light sleep from 
which the patient can be easily aroused; intravenously in special surgical 
situations (e.g. repeated bronchoscopy, ophthalmic surgery, poor-risk 
patients) with reduced amounts of meperidine as adjunct to anesthesia 
and analgesia 


Contraindications: Contraindicated in individuals with known hyper- 
sensitivity to promethazine. Intra-arterial injection is contraindicated. 


Warnings: The sedative action of promethazine is additive to the sedative 
effects of CNS depressants; therefore, agents as alcohol, barbiturates 
and narcotic analgesics should be eliminated or given in reduced dosage 
in presence of promethazine. When given concomitantly with pro- 
methazine reduce dose of barbiturates by at least % and dose of anal- 
gesic depressants (e.g. morphine or meperidine) by % to %. Although 
proper IV use of promethazine is well-tolerated, exercise care not to 
allow perivascular extravasation since under such circumstances chemi- 
cal irritation may occur? When used IV, give in a concentration no greater 
than 25 mg./cc. and at a rate not over 25 mg./minute 


Precautions: Caution ambulatory patients against driving autos or operat- 
ing dangerous machinery until it is known that they do not become 
drowsy or dizzy from promethazine. Antiemetics may mask symptoms of 
unrecognized disease and thus interfere with diagnosis. Patients in pain 
who received inadequate or no analgesia have developed ‘athetoid- 
like” movementsofthe upper extremities following parenteral prometha- 
zine. These symptoms usually disappear on adequate control of pain. 


Adverse Reactions: Patients may occasionally complain of autonomic 
reagtions, e.g. dryness of mouth, blurring of vision and rarely dizziness. 
Very rare cases have been reported where patients receiving prometnha- 
zine developed leukopenia. In one instance agranulocytosis has been 
reported. In nearly every instance reported other toxic agents known to 
have caused these conditions were associated with administration of 
promethazine. Cardiovascular by-effects from promethazine have been 
rare (minor increases in blood pressure, occasional mild hypotension). 
Photosensitivity (extremely rare) contraindicates further use of pro- 
methazine or related drugs. Attempted suicides with promethazine 
resulted in`deep sedation, coma, rarely convulsions and cardiorespira- 
tory symptomscompatible with depth of sedation. A paradoxical reaction 
(hyperexcitability and nightmares) has been reported in children receiv- 
ing large single doses. 


Composition: Injection— 1 cc. ampuls of 25 mg./cc. and 50 mg./cc. Each 
cc. alsocontainsO.1 mg. disodium edetate, 0.04 mg. calcium chloride and 
n®t more than 0.25 mg. sodium metabisulfite and 5 mg. phenol with so- 
dium acetate buffer. 


Wyeth Laboratories Philadelphia, Pa. 
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time has passed... 
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E it's Time fos 
Viaflex. 
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) VIAFLEX: the hospital software from TRAVENOL LABORATORIES, INC. 


| Deerfield, Illinois 60015 






for mild to moderate pain 
associated with 
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See next page for prescribing information. __ 
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DARVOCCTN 


59 mg. propoxyphene ncpsylate and 325 mg. acetaminophen TAB 


The only 


analgesic formulation 
of its kind- |: 








conveniently taken two tablets at a time 


Description: Each tablet of Darvocet-N contains 50 mg. propoxyphene 
napsylate and 325 mg. acetaminophen. 

Actions: Propoxyphene napsylate is a mild analgesic strueturally related 
to the narcotic analgesic methadone. Though propoxypkene's general 
pharmacologic properties are those of the narcotics as a group, it does 
not compare with them in analgesic potency. 

Darvocet-N also contains the non-narcotic antipyretic-amalgesic aceta- 

minophen, 
-!ndication: Darvocet-N is indicated for the relief of mild to moderate 
pain, either when pain is present alone or when it is accompanied by fever. 
Contraindications: Hypersensitivity to propoxyphene or to acetaminophen. 
Warnings: Drug Dependence—Propoxyphene can produce drug depend- 
ence characterized by psychic dependence and, less frequently, physical 
dependence and tolerance. Propoxyphene will only partial y suppress the 
withdrawal syndrome in individuals physically dependent 3n morphine or 
other narcotics. The abuse liability of propoxyphene is qualitatively simi- 
lar to that of codeine although quantitatively less, and propoxyphene 
should be prescribed with the same degree of caution aporopriate to the 
use of codeine. 

Usage in Ambulatory Patients—Propoxyphene may im )air the mental 
and/or physical abilities required for the performance of potentially haz- 
ardous tasks, such as driving a car or operating machinery. The patient 
should be cautioned accordingly. 

Usage in Pregnancy—Safe use in pregnancy has not been established 
relative to possible adverse effects on fetal development. Therefore, pro- 


poxyphene should not be used in pregnant women unless, in the judg- 
ment of the physician, the potential benefits outweigh the possible hazards. 

Usage in Children—Propoxyphene is not recommended for use in chil- 

dren, because documented clinical experience has been insufficient to 
establish safety and a suitable dosage regimen in the pediatric age group. 
Precautions: Confusion, anxiety, and tremors have been reported in a few 
patients receiving propoxyphene concomitantly with orphenadrine. The 
central-nervous-system depressant effect of propoxyphene may be addi- 
tive with that of other C.N.S. depressants. 
Adverse Reactions: The most frequent adverse reactions are dizziness, 
sedation, nausea, and vomiting. These effects seem to be more prominent 
in ambulatory than in nonambulatory patients, and some of, these adverse 
reactions may be alleviated if the patient lies down. 

Other adverse reactions include constipation, abdominal pain, skin 
rashes, lightheadedness, headache, weakness, euphoria, dysphoria’ and 
minor visual disturbances. 

The chronic ingestion of propoxyphene in doses exceeding 800 mg. per. 
day has caused toxic psychosis and convulsions. 
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Additional information available 
to the profession on request. 


Eli Lilly and Company 
Indianapolis, Indiana 46206 


Yesterday. The 


Today. The predictable strength of 


Up until a few years ago, catgut was the only 
absorbable suture around. And it served surgeons 
well... most of the time. But now DEXON offers a 
new kind of strength and predictability in an 
absorbable suture. It holds at the knot where gut 





unpredictability of catgut. 


X 
SIS s 
~ 
Ace ra TE OG AE A EEEE EOL EEE Rte tt E AEEA AEE RO —————E——aE ann a 


Db) Oy polyglycolic acid suture. 


frequently breaks. It maintains its strength through 
the critical wound healing period. It absorbs at 

a predictable and uniform rate with minimal tissue 
reaction. And it is easy to handle. DEXON. 
Tomorrows suture is already here. 


The future is with 


DEXON 


See next page for complete product information. 





Complete Product Information—Approved 
Official Package Insert 


DESCRIPTION DEXON” polyglycolic acid 
Suture —Synthetic. Absorbable is a 
homopolym®& of glycolic acid. The sutures are 
sterile. inert, noncollagenous, nonantigenic 
nonpyrogenic, flexible, braided, undyed, with 
a natural beige color. They are uniform in size 
and tensile strength, but are smaller in 
diameter than Absorbable Surgical Sutures of 
equivalent tensile strength 


ACTIONS When DEXON is placed in tissues a 
minimal tissue reaction occurs, which is 
followed by a microscopic layer of fibrous 
connective tissue which grows into the suture 
material. Animal studies (subcutaneous tissue 
in rats, rabbits and dogs) revealed minimal 
absorption at 7 to 15 days, significant 
absorption at 30 days, and maximum 
resorption after 60 to 90 days. Tensile strength, 
not being a function of the absorption rate 
may vary from tissue to tissue, depending in 
part on the rate of hydrolysis. The early tensile 
strength of DEXON is reported to be greater 
than that of comparable chromic catgut. In 
animal studies (subcutaneous tissue of rats 
rabbits and dogs) there occurred a 30 to 

00% loss of initial tensile strength in one week 
and 60 to 80% lass in two weeks, at which time 
as in the case with chromic catgut no useful 
residual tensile strength remains 


INDICATIONS DEXON sutures are indicated 
whenever absorbable sutures and ligatures 
are employed, provided that extended 
approximation of tissues is not required or 
where undue postoperative tension or stress 
is Not anticipated. DEXON is also indicated 
where non-absorbable sutures are used for 
their characteristic lack of tissue reaction 


CONTRAINDICATIONS DEXON is 
contraindicated where extended 
approximation of tissues under strain must be 
maintained 


WARNINGS The safe use of this suture in 
cardiovascular, neural and ophthalmological 
surgery has not been established. Under 
certain circumstances, notably orthopedic 
procedures, immobilization by external 
support may be employed at the discretion 

of the surgeon. Do not resterilize. Discard 
opened, unused sutures 


PRECAUTIONS Acceptable surgical practice 
should be followed with respect to drainage 
and closure of infected wounds. DEXON 
suture knots must be properly placed to be 
secure, Therefore, place first throw in precise 
Position for final knot. using a double loop 
tie second throw square using horizontal 
tension; additional throws may be used as 
desired. Skin sutures which remain in place 
for penods of longer than seven days may 
cause localized topical imitation and the 
extended portion of suture may be snipped 
off after five to seven days. as indicated 


ADVERSE REACTIONS Those reactions that 
have been reported include tissue reaction 
or inflammation, fibrous or granulation tissue, 
wound separation and bleeding and 
accumulation of fluid around subcuticular 
stitches 


DOSAGE AND ADMINISTRATION Use as 
required. Do not restenlize. Discard opened 
unused sutures 


HOW SUPPLIED Suture sizes 6-0 through 4 
Supplied in cut lengths or ligating reels 
non-needled or affixed to the various 

Davis & Geck ATRAUMATIC" needles in three 
dozen packages Rev. 6/73 
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ARTERIAL 
SURGERY 


By H. H. G. Eastcott, M.D., F.R.C.S. 











This handsomely-illustrated work offers an ex- 
ceptionally complete clinical, pathological and 






therapeutic presentation of the entire range 






of arterial disorders. The causes of arterial 






diseases and injuries are fully described, to- 






gether with precise surgical procedures. The 







entire clinical picture for each disorder is dis- 
cussed, and an abundance of case reports is 






included. 






“Only a surgeon with a breadth and depth of 





experience could present the subject so 






thoroughly and authoritatively. . . . This is 






an outstanding volume which can be highly 






recommended and without reservation to medi- 






cal students, residents, general surgeons, and, 






in this reviewer's opinion, to experienced vas- 






cular surgeons.”—Surgery, Gynecology and | 
Obstetrics. 
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Drug-Induced Constipation 


Many of the widely prescribed drug categories—antacids, 
analzesics, barbiturates, tranquilizers, diuretics, hematinics, antihis- 
tamines, anticholinergics, antispasmodics, narcotics, muscle relax- 
ants, antihypertensives, antidepressants— may interfere with the 
regLlar bowel action. 


The value of SENOKOT Tablets/Granules has been clearly 
demonstrated in drug-induced or drug-aggravated constipation. In 5 
studies* SENOKOT therapy was effective in 98.5% of 613 cases. 


When an essential drug you prescribe induces or aggravates 
constication, Rx or recommend a SENOKOT laxative product. Com- 
patible with antacids, clinically tested, shown not to interfere with the 
action of numerous drugs, it is the natura/ choice to keep things mov- 
ing gertly, comfortably, effectively. 


Supplied: SENOKOT Tablets (small, easy-to-swallow)—Bottles 
of 5D end 100. SENOKOT Granules (delicious, cocoa-flavored)—4, 8 
and 16 ounce (1 Ib.) canisters. 


"References on request. 


Counteract with Senoko 


(standardized senna concentrate) 


Tablets/ Granules 


a natural laxative 
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_ Three ways to 
minimize emergence 


reactions when you use 


Let's face it: nearly every anesthesi- 
ologist knows by now that Ketalar is 
an unusually effective general anes- 
thetic or induction agent, with a wide 
margin of safety. Many view it, in 
fact, as a major advance in the treat- 
ment of such high-risk patients as 
the very young and the very old... 
burn cases...accident victims... 
and those suffering from respiratory 
disorders such as emphysema. 

And nearly every anesthesiologist 
also knows from the literature (or his 
own personal experience) that some 
patients have experienced unpleas- 
ant emargence reactions following 
the administration of Ketalar. 

What is perhaps less known is 
that a combination of patient 
selection, addition of certain drugs, 
and the lessening of external stimuli 
has proved effective in reducing 
the incidence and severity of 
emergence reactions. These 
techniques are easy to apply and, 
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Kéetalar 


(Ketamine HCI) 


according to many clinical inves- 
tigators, are remarkably useful. 


1. Presurgical medication 


High on tne list of methods of reduc- 
ing emergence reactions are certain 
drugs used preoperatively. These 
reactions.can often be prevented by 
administering: 

Droperidol, 0.1 mg/kg, IM, 

30 mirutes before anesthesia. 


2. Postsurgical medication 


After surgery, emergence reactions 
can often be aborted or prevented 
entirely Ey administering one of the 
following: 
Droperidol, 0.07 to 0.1 mg/kg, IV 
Diazepam, 0.1 to 0.3 mg/kg, IV 


A subanesthetic dose of an 
ultrashort-acting barbiturate. 


3. Avoid tactile and auditory stimuli 
whenever possible 


The incidence of emergence reac- 
tions fol. owing Ketalar anesthesia 
appears to be profoundly affected by 
externa! auditory and tactile stimuli. 
Ideally, the patient should be 







Ketalar 


Parke-Davis 


(Ketamine HCI) 


engaged in calm, noncontroversial 
conversation (on a single subject, if 
possible) before surgery; afterward, 
he should be permitted to emerge 
from anesthesia with minimal audi- 
tory, visual, and tactile stimuli. 

Will the three preventive tech- 
niques discussed here — patient 
selection, drugs, and ambience — 
obviate all emergence reactions fol- 
lowing Ketalar anesthesia? No, but 
they will significantly reduce the 
incidence and severity of those 
reactions. 

Any assessment of Ketalar, how- 
ever, should take into account its 
many important advantages — 
especially for the high-risk patient, 
where efficacy and a wide margin of 
safety have made it increasingly 
valuable to today’s anesthesiologists. 

As more and more are discovering 
every day. 


See next page for prescribing 
information. 
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KETALAR (Ketamine Hydrochloride) 


SPECIAL NOTE: EMERGENCE REACTIONS HAVE OC- 
CURRED IN APPROXIMATELY 12 PER CENT OF PA- 
TIENTS. 


s 
THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SE- 
VERITY BETWEEN PLEASANT DREAM-LIKE STATES, 
VIVID IMAGERY, HALLUCINATIONS AND EMERGENCE 
DELIRIUM. IN SOME CASES THESE STATES HAVE BEEN 
ACCOMPANIED BY CONFUSION, EXCITEMENT, AND 
IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 
TIVELY. NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE 
KNOWN TO HAVE RESULTED FROM USE OF KETALAR. 
THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 
AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 
ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS 
GIVEN INTRAMUSCULARLY. 


THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT IS 
MINIMIZED DURING THE RECOVERY PERIOD. THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 
SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 
CULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
TO REDUCE THE INCIDENCE OF EMERGENCE REAC- 
TIONS: SUFFICIENT DATA HAVE NOT YET BEEN 
ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
UMENTATION. THE INCIDENCE OF EMERGENCE RE- 
ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
DRUG IS GAINED. 


WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, 
THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
COVERY FROM ANESTHESIA IS COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 
ADULT. 


INDICATIONS: Ketalar is recommended: 1. as the sole 
anesthetic agent for diagnostic and surgical procedures 
that do not require skeletal muscle relaxation. Ketalar 
is best suited for short procedures but it can be used, 
with additional doses, for longer procedures. 2. for the 
induction of anesthesia prior to the administration of 
other general anesthetic agents. 3. to supplement low- 
potency agents, such as nitrous oxide. 


See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 


WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation. Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 


sional states may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 
too rapid a rate of administration of Ketalar in which 
case supportive ventilation should be employed. Me- 
chanical support of respiration is preferred to adminis- 
tration of analeptics. 


USAGE IN PREGNANCY: Since the safe use in preg- 
nancy, including obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal re- 
flexes are usually active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, larynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready for use. The incidence of emergence reactions 
may be reduced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This 
does not preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhanced pressor response. In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an agent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcohol-intoxicated patient. An increase in cere- 
brospinal fluid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospinal fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred. 


Respiration: Although respiration is frequently stimu- 
lated, severe depression of respiration or apnea may 
occur following rapid intravenous administration of 
high doses of Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 


Eye: Diplopia and nystagmus have been noted follow- 
ing Ketalar administration. It also may cause a slight 
elevation in intraocular pressure measurement. 
Psychological: (See Special Note). 


Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 
ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shortly after regaining consciousness. 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or morbilliform rash have also been reported. 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 ml. vials. These 
vials contain 100, 50, 10, and 10 mg./ml., respectively. 
Each vial is supplied individually and in cartons of 10. 
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how oon? Gloves can be a fatigue aiar. That’s ee 
TRAVENOL is making TRIFLEX® surgeon’s gloves on a new 
patented mold that makes a better fitting glove. 
There's built-in sensitivity in TRIFLEX soft-dipped latex. 
Matte finish means a higher co-efficient of friction. The outer 
glove surface is less slippery when wet, and it won't get tacky. 
PowderIN processing cures powder right onto the inside 
surface. Try the dark suit powder demonstration test with your 
TRAVENOL representative. 
Each pair is packaged in a handy waterproof plastic 
tray with Tyvek* lid. A surgeon’s hands need all the 
help they can get. They need TRIFLEX surgeon's 
gloves. 


Recognition for the independent thumb 

The contour molded thumb means more freedom 
from strain and stress caused by restrictive 2-plane 
molded gloves. *® DuPont 





CAUTION: After donning, remove powder by wiping gloves 
thoroughly with a sterile wet sponge, sterile wet towel, or other 
effective method. 
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All of these mammals, except one, 
can synthesize vitamin C. 





Man cannot. 





Homo sapiens can neither synthesize vitamin | increased. P 
C nor store most of the water soluble vitamins. | In such cases, Surbex-T may be indicated. 
They should be replenished every day. Each tablet provides 500 mg. of vitamin C 
Normally, man accomplishes this in his daily | plus high potency B-complex. 
.diet. But under conditions of illness, stress, in Where nutritional status must be preserved, 
convalescence or following surgery, vitamin | Surbex-T can help restore what the body can 
stores may be depleted or metabolic demands | not store. 306309R 
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900 mg. of Vitamin C with High Potency B-Complex 
Restores what the body cannot effectively store p * 


Pulmonary Insufficiency Caused by Epinephrine 


J. L. BERK, M.D.,* J. F. HAGEN, B.A.,** R. KOO, M. A.,*** 


Fe MANY YEARS catecholamine levels have been 
known to be an important determinant of the re- 
sponse to shock and other acute disease states. Early, 
their effects are compensatory but with continued 
survival and prolonged excessive secretion “hey are 
detrimental. An infusion of catecholamines in amounts 
produced endogenously during critical illness will result 
in hypotenstion and death in animals.!*:2?- Ccnversely, 
animals made tolerant to epinephrine will withstand 
lethal doses of epinephrine and endotoxin as well as 
lethal periods of hemorrhagic shock.”? In shock ef various 
etiologies in both animals and man there is a negative 
correlation between the catecholamine bloed levels 
and survival. Animals in shock treated with adrenergic 
blockade have increased arterial oxygenation and de- 
creased shunting; lack the pathologic changes observed 
customarily in the lung; and have increased survival 
rates.4°.47 Patients in septic shock treated with adrenergic 
blockade also show increased arterial oxygenction, de- 
creased shunting and increased survival.®:7:8-° Thus there 
is evidence that prolonged and excessive catecholamine 
stimulation is detrimental and that the lung is a target 
organ. 

Although catecholamines are known to hawe power- 
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ful effects on the heart and systemic circulation, they 
are thought to have little direct effect on the pulmonary 
circulation. Most observers believe that pulmonary 
vasoconstriction can be demonstrated only in special 
preparations and that in the intact animal and man the 
increased pulmonary arterial pressure and resistance are 
predominantly, if not exclusively, the result of passive 
back pressure from the left heart and systemic circula- 
tion.25:26.27.45 Contrary to this view, the authors ob- 
served a decrease in systemic arterial oxygenation fol- 
lowing epinephrine without a significant change in the 
cardiac output, oxygen consumption or ventilation, sug- 
gesting pulmonary A-V shunting. 

The purpose of this study is to quantify sequentially 
pulmonary shunting during a 5-hour epinephrine infusion 
and to determine serially the component causes of 
shunting, thereby clarifying the pathogenic mechanisms 
involved in epinephrine induced pulmonary insufficiency. 


Methods 


Sixty healthy mongrel dogs weighing between 14 
and 18 Kg. were anesthetized with intravenous pentobar- 
bital sodium, 30 mg./Kg. A cuffed endotracheal tube 
was inserted and ventilation accomplished by a mechani- 
cal respirator with humidified gases. The adequacy of 
ventilation was monitored by periodic measurements of 
arterial oxygen and carbon dioxide partial pressures and 
during the control period the respirator was adjusted 
accordingly. Once adequate ventilation was achieved 
no further adjustments were made. Nonocclusive poly- 
ethylene catheters were placed in the femoral vein anc 
the aorta via a femoral artery. A Swan-Ganz catheter, 
endlumen type, was inserted into a foreleg vein anc 


423 


424 
passed into the pulmonary artery, the location being 
determined by oscilloscopic pressure tracings. Pulmo- 
nary and systemic pressures were measured by strain 
gauge manomieters and continuously recorded. The pul- 
monary wédge pressure was obtained with the balloon 
of the Swan-Ganz catheter inflated. Cardiac outputs were 
determined with the aid of a densitometer and computer 
by the dye dilution method using indocyanine green in- 
jected into the pulmonary artery. Simultaneous samples 
of blood were withdrawn from the pulmonary artery.and 
the aorta during at least four respiratory cycles. Blood 
was analyzed for oxygen and carbon dioxide. tensions, 
and pH by thé Clark, Severinghaus and pH electrodes, 
respectively, at 37 C. Hemoglobin. concentrations were 
measured by the cyanmethémoglobin method. Expired 
gases were collected in a Douglas bag for 5-minute pe- 
riods and the oxygen and carbon dioxide fractions de- 
termined. Oxygen consumption and carbon dioxide pro- 
duction weré calculated by the expired gas method and 
the respiratory quotient was determined: The dogs were 
randomly divided into four groups. 

Group 1: Fifteen dogs were ventilated with room aif. 
Measurements were made after an initial period of sta- 
bilization and then hourly for 5 hours. The measure- 
ments included cardiac output; mean pulmonary arterial, 
mean pulmonary arterial wedge, and mean systemic 
arterial pressures; Pos, Pcoz2, pH, and hemoglobin con- 

centration of mixed venous and arterial blood. The pul- 
monary shunt and the total pulmonary and systemic 
vascular resistances were calculated (Table 1). 
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Group 2: Ten dogs were ventilated with room air 
After a control period epinephrine hydrochloride, 24g. 
Kg./min., was infused intraveriously for 5 hours using ar 
infusion pump. Measurements were made at 5, 15, 3C 
and 60 minutes and then hourly for 5 hours (Table 2). 
After 5 hours a thoracotomy was performed and biop- 
Sies, were taken of the dependent (posterior) and mid 
portions of the lung and rapidly fixed. Tissues were 
examined by light and electron microscopy. Electron 
microscopic specimens were fixed in buffered 6.35% glu- 
teraldehyde for 2 hours, washed in buffered sucrose for 2 
hours and further fixed for 1 hour in 1% osmium, de- 
hydrated in a series of alcohols to absolute alcohol and 
infiltrated with propylene oxide and Araldite. They were 
double stained with uranyl acetate and lead citrate 
and viewed in an RCA EMU 3 H microscope. 

Group 3: In 10 dogs control values were obtained on 
room air and theri pure oxygen. An epinephrine infu- 
sion, 2 yg. /Kg. /min., was begun and continued for 5 
hours. During the infusion the dogs were ventilated with 
pure oxygen for 1 hour then air alternating with oxygen 
each % hour for 5 hours. Measurements were made 
after a minimum of % hour of ventilation with each gas 
to insure full equilibration, at 5, 15, 30, and 60 minutes 
and then every 30 minutes for 5 hours. 

Group 4: In 25 dogs ventilated with air, lung biopsies 
were taken in 12 receiving no treatment and in 13 fol- 
lowing epinephrine at %, %, %, 1, 2, 3, and 4 hours. 


Specimens were prepared as in group 2. 
o 


TABLE 1. Hemodynamic Values of Dogs Ventilated with Air 
N=15 
Hours 
4; Control 1.0 2.0 3.0 4.0 5.0 
PaO, í , , , À | : 
mm. Hg (37°C, 84.10 +2.19** 86.42 + 2.30 93.39 + 2.56* 93.53 +2.94* 94.88 +: 2.03* 95.09 + 3.13* 
pH 7.40) 
PaCo: aa è . . ; l 
mm. Hg (37°C, 38.75 +1.10 37.37 +: 0.98 36.40 + 0.98 35.52 + 0.69* 34.85 + 0, 86* 33.90 + 0.98* 
pH 7.40) 
% Shunt l l i i 
Qs X 100 10.00 + 1.22 8.65 +1.51 5.14 + 1.16* 4.12 +1.16* 3.34 +0.72* 2.71 +0.81* 
Cardiac Output 223.65 + 26.51 174.09 4:19.28 129.88 + 14.77* 106.08 +9.97* 96.08 + 8.86* 87.03 + 9.33% | 
cc/Keg. 
Meän Pulmonary . 
Artery Pressute 10.38 +2,21 8.00 + 1.04 8.25 + 1.12 7.58 +1.28 6.624 1.20 7.50 40.75 
mm. Hg | 
Mean Pulmonary l ! 
Artery Wedge 1.50 +1.92 -—1.00+0.87 —1.42 +0.93 — 1.33 + 1.54 —2.25 4 1.60 —2.32 +1.85 


Pressure mm. Hg 

Total Pulmonary 

Vascular Resistance 200. 95 + 40.13 
dynes-sec/em* 


179.72 + 31.37 261.34 + 73.10 


280.13 + 57.24 278.00 + 79.94 346.44 + 63.26* 





Tos Statistically significant change from control, p <0.025 
** = Standard error of the mean 
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When pure oxygen was inspired, the mean <lveolar 
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oxygen tension was calculated from the equation: 3 RE S S Zoo 
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PIO, = moist inspired oxygen tension = a H + H H H H 
. . . . N kani 
PaCO, = arterial carbon dioxide tension E 5: nee 2 a 
FIO, = fraction inspired oxygen S) K ki $O A m | 
R = respiratory quotient x 5 i : 
: E * * 
Oxygen content was calculated from the equation: '§ E pa S gS E O 
S S 
Co, = SO, (1.34 X Hb) + 0.0031 X PO, È <7 1 4 y F F 
where = S 5 $ D 2 S 
v O 
Co, = oxygen content * 6 + S SÌ a j 
SX = % saturation of hemoglobin k i 
Hb = Hemoglobin concentration E: Ay žy a & S o 
. =. e 2 ONS ; 
PO, = Partial pressure of oxygen 3 sl = a a = - S 
E D H H Ao T H H 
The hemoglobin saturation was determined from stand- 3 5 S S + S = 
e > N uN) <H € 
ard tables after correcting for pH buffer and base.?!48 $ pe F A F = T 
The calculated arterial and venous oxygen contents were & . 
checked periodically by the manometric method of Van = A * = b & in S 
i é — A A ` ~ ey S 
Slyke. The pulmonary capillary oxygen content was as- a i ET 7 at a oy z 7 
. . &Q 5 — 
sumed to be that which the arterial blood would have Siz5 = ye tom oe > 
° Je . 7 A ° wO 4 
had if fully equilibrated with mean alveolar gas. S| 2 © { = = i S 
i : LQ N 
The per cent pulmonary arteriovenous shunt was de- ‘3 
e . 8 * 
termined by the equation: = X * g A m 
> © N Ero JS ear i: 
s . e) — N y= =] —_— 
Qs ei CeO, — CaO, Š ml y + H 4 H = 
= = 2e ~ ee O m in = 
Q CeO, — CvO, ne e: i oe cf = 
N o0 + — ~ — 
where a 
nd = 
Q = Total pulmonary blood flow m $ . f 7 z 
Qs = Fraction of pulmonary blood urexposed © pi 38 ni 2 q a = 
® re) >) — — -= — 
to alveolar membranes ei H 4 H H H H 
OJ 2 S s S = s 
CaO, = Arterial oxygen content 2 $ -a E o 
C70, = Mixed venous oxygen content = s 
CeO, = Pulmonary capillary oxygen content ~ 
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s > 1 elgg 
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Results . d B 426% 
D D = aE E Y 
Group 1: (Table 1). There was a gradual increase in M E oF does 
the PaO. and a decrease in the PaCO», shunt anc cardiac ars Guste x Se 2 ae h 
tput for the 5-h iod, the changes being signifi See imaa SSE 
output for the 5-hour period, the changes being signifi- ELPELI TRETE 


Pressure mm. Hg 
Total Pulmonary 


r 


324.85+52.83* 263.65+28.78* 312.08+35.46* 409.98+42.10* 519.82 +60.35* 509.17 +67.83* 619.98 +64.00* 


439.14 +94.02* 


Vascular Resistance 219.58 +47.10 


dynes-sec/cm* 
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* Statistically significant change from control, p < 0.025 


** Standard error of the mean 
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cant after the first hour. There were no significant changes 
in the mean pulmonary arterial pressure, mean pulmonary 
arterial wedge pressure and the total pulmonary vascu- 
lar resistance except the latter at 5 hours. There were no 
significant correlations between the shunt and cardiac 
output except at 1 and 2 hours, between the shunt and 
mean pulmonary arterial pressure, and between the 
shunt and total pulmonary vascular resistance except at 
3 hours. 

Group 2: (Table 2). There was a significant and 
progressive decrease in PaO and an increase in the 
PaCO,. The shunt increased significantly at 5 minutes, 
reached a maximum at 2 hours and remained elevated 
for the entire period. The cardiac output significantly 
increased reaching a maximum at % hour then gradually 
decreased, falling below control at 3 hours. The mean 
pulmonary artery pressure increased to a maximum at 
Ə minutes and then gradually decreased but remained 
significantly elevated the entire period. There was no 
significant change in the mean pulmonary arterial wedge 
pressure except at 5 hours when it decreased. The total 
pulmonary vascular resistance was significantly in- 
creased the entire period. There were no significant 
correlations between shunt and cardiac output; shunt 
and total pulmonary vascular resistance; or shunt and 
mean pulmonary artery pressure. 

Group 3: (Table 3). There were no significant differ- 
ences between control values during inspiration of air 
and pure oxygen. Following epinephrine when on oxy- 
gen there was a rapid and significant increase in shunting, 
then a gradual decrease falling significantly below con- 
trol at 4 hours. On air there was a significant elevation 
for the entire period. There was a significant immediate 
increase in the cardiac output reaching a maximum at 
15 minutes followed by a gradual decline. The mean pul- 
monary arterial pressure increased immediately and then 
gradually decreased remaining significantly elevated ex- 
cept at 1, 2%, 4 and 5 hours. There was no significant 
change in the pulmonary wedge pressure except at 4% 
hours when it decreased. There was no significant 
change in the total pulmonary vascular resistance until 
hours when it gradually began to increase. 

During inspiration of oxygen there was a significant 
correlation between the shunt and cardiac output at 
all times except at 1 hour, but there was no correlation 
between shunt and cardiac output during inspiration 
of air except at 2.5 hours. There was a significant corre- 
lation between shunt and mean pulmonary artery pres- 
sure at all times on oxygen, and at 1.5 and 3.5 hours on 
air. There was no correlation between the shunt and 
total pulmonary vascular resistance on air or oxygert. 

Using the method of least squares, regression lines 


1.5 


15 , 
44.78 + 0.65* 


» 
14.06 + 1.28* 


66.20 + 2.89* 
af, 91 2: 1,31" 
24.19 + 2.19* 
165.57 Æ 15.37 
=2 39 220,70 
382.02 + 46.42 


Hours 


1.0 
48.85 + 0.69* 
14.35 +0.47* 
186.24 + 12 .97* 
12.44 + 1.38 
1.55 + 0.95 


284.53 + 41.12 


30 
47.36 + 1.62* 
16.23 + 1.00* 
211.70 + 16.40* 
13.81 + 1.05* 

1.11 +1.04 
274.48 + 33.66 


Minutes 
14.88 +1.18* 
227.73 + 21.48* 
13.75 +1.61* 
—0.11+0.92 
240.44 + 27.47 


5 
42.68 + 0.84* 
13.71 +2.11 

219.98 + 26. 20* 
18.07 + 1.99" 
2.29 = 1.60 

334.32 + 51.91 


, p <0.025 


100% Oxygen 
37.84 +0.46 
11.07 +1.06 
142.60 + 12.90 

9.83 +1.15 
—0.45+0.76 


Hemodynamic Values of Dogs Receiving Epinephrine 2ug/Kg./min. Ventilated with Pure O, Alternating with Air N = 10 
309.66 + 55.26 


Air 
84.29 + 2.78 
37.85 + 0.62 
10.16 + 0.94 
175.90 + 14.43 
10.28 + 1.36 
—0.55 + 0.96 
261.03 + 54.07 


TABLE 3. 


~ 


*Statistically significant change from control value 


** Standard error of the mean 


mm Hg (37°C, pH 7.40) 
PaCO, 
x 100 
Cardiac Output 
Mean Pulmonary 
Artery Pressure 
mm Hg 
Mean Pulmonary 
Artery Wedge Pressure 
mm Hg 
Total Pulmonary Vascular 
Resistance dynes-sec/cm® 


mm Hg (37°C, 
pH 7.40) 

% Shunt 
cc/Kg 


PaO, 
Os 
Q 
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Fic. 2, Comparison between groups 1, 2, and 3 (air) of the 
mean % of control changes of the mean pulmonary arterial pres- 
sure. Vertical lines represent SEM. 


collapse (Figs. 8-9). There were no differences between 
the dependent and mid portions of the lung at any time. 


Discussion 


These studies have shown that epinephrine causes 
significant pulmonary arteriovenous shunting. The rec- 
ognized causes of total pulmonary shunting are impaired 
diffusion, ventilation-perfusion inequalities, anatomic 
shunts, and atelectasis.* Breathing pure oxygen essen- 
tially abolishes the shunt effect of impaired diffusion and 
V/Q inequalities but not that due to atelectasis or ana- 
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Fic. 3. Comparison between groups 1, 2, and 3 (Oz) of the 
mean % of control changes of the mean pulmonary arterial pres- 
sure. Vertical lines represent SEM. 


* 
» 


* Atelectasis can be regarded as a ventilation-perfusion ratio 
of zero but for purposes of this study it has been placed in a 
separate pathological category. In addition to alveolar collapse, 
the term as used includes a fluid filled alveolus or extensive 
alveolar thickening where no gas exchange takes place. 
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Fic. 4. Comparison between groups 1, 2, and 3 (air) of the 
mean % cf control changes of the total pulmonary vascular re 
sistance. Vertical lines represent SEM. 


tomic shunt.’20285% By the sequential measurement oj 
the shunt during inspiration of room air and pure oxyger 
together witk the pulmonary hemodynamic and micro- 
scopic changes at the same time, the causes of shunting 
at various intervals following epinephrine can be esti- 
mated and the sequence of events resulting in progres- 
sive pulmonary insufficiency clarified. 

The rapid, simultaneous occurrence of increased shunt- 
ing and increased pulmonary vascular resistance with- 
out an increase in the pulmonary wedge pressure or 
pathological changes suggests that epinephrine eauses a 
non-uniform change in the precapillary resistance re- 
sulting in a redistribution of the pulmonary blood flow. 

The increased cardiac output did not contribute tc 
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Fıc. 6. Light microscopic 
appearance of lung bi- 
opsy from dog receiving 
a heti ape for 4 hours 
showing alveolar edema 
and early atelectasis. 
(H & E x 100) 


the increased pulmonary resistance because an increased 
flow of the magnitude observed in normal lungs will 
cause no change or a fall in the pulmonary vascular 
resistance.11:12:13,17.24 

Arteriolar vasoconstriction could cause the increased 
pulmonary vascular resistance but not the early sEunting. 


Fic. 7. Light microscopic 
appearance of lung bi- 
opsy from dog receiving 
y se S for 5 hours 
showing focal atelectasis. 
(H&E x 125) 
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In fact, the decreased capillary flow distal to the con- 
striction would tend to decrease shunting by increasing 
the V/Q ratio. Only later with the formation of edema 
and atelectasis would there be shunting. The absence of 
these changes during the first 2 hours supports this 
concept. 
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Fic. 8. Electron microscopic appearance of lung biopsy from 
dog receiving epinephrine for 3 hours showing early interstitial 
edema. (x 13,700) 


Arteriolar vasodilatation with increased flow through 
capillary beds or anatomic shunts can explain the early 
shunting but not the increased pulmonary vascular re- 
sistance. Therefore, to explain both the early shunting 
and the increased resistance, there must be vasoconstric- 
tion in some areas and vasodilatation in others, the for- 





e Fic. 9. Electron microscopic appearance of lung biopsy from dog 


receiving epinephrine for 4 hours showing interstitial edema 
and beginning alveolar edema. (X 13,700) 


BERK, HAGEN, KOO, BEYER, DOCHAT, RUPRIGHT AND NOMOTO 


Ann. Surg. • October 1973 


mer resulting in a portion that is ventilated but poorly 
perfused and the latter in a portion that is perfused but 
relatively hypoventilated. 

The increased pulmonary flow through the dilated 
vascular bed will cause significant ventilation—perfusion 
inequalities resulting in unsaturation of the arterial blood 
when breathing air. This does not occur when breathing 
pure oxygen because of the large alveolar oxygen pres- 
sure. Thus the early shunting during inspiration of pure 
oxygen at the time when there is no edema or alveolar 
collapse must be due to either the opening of anatomic 
shunts or “reserve” capillaries adjacent to unopened al- 
veoli or both.4° The observation of angioid structures 
most prominent at the time of shunting on oxygen sug- 
gests the existence of anatomic shunts. Additional study 
is necessary for definitive anatomical identification of 
these structures. 

Anatomic pulmonary A-V communications have been 
demonstrated in man and animals,?:26-37,.41,43,50,52,53 Hut 
their function and control have been poorly understood. 
Niden demonstrated in dogs that anatomic pulmonary 
shunts open in response to increased pulmonary arterial 
pressure or decreased alveolar oxygen tension.*® Anatomic 
shunts have been noted to be more prominent in lungs 
of patients following critical illness. Strauss®° using 
radioactive calibrated albumin microspheres noted 15% 
anatomic pulmonary shunting in a patient in shock with 
an acute myocardial infarction. This decreased in 18 
days with recovery to 2.4% (normal). Studies by Germon?? 
using macroaggregated albumin suggest that anatomic 
pulmonary shunts open in response to trauma in man. 
Shunts have been identified in subjects suffering from 
acute pulmonary edema at high altitudes. In some in- 
stances a neuromuscular apparatus has been demon- 
strated at the shunt stoma suggesting autonomic con- 
trol.** Thus, there is evidence that anatomic shunts exist 
and that their Opening is associated with stress and 
increased adrenergic stimulation. 

The sustained capillary hypertension transmitted from 
the pulmonary artery through the dilated areas, causes 
transudation of plasma and later blood into the inter- 
stitial spaces, In addition, the increased pulmonary pres- 
sure may cause upstream extra-alveolar vessels to leak 
fluid.?1:29.30.56 When the formation exceeds the removal 
by the pulmonary lymphatics significant edema begins 
to accumulate.'® The edema eventually compresses the 
alveoli to a point at which alveolar collapse takes 
place.? 4:549 The collapse tends to cause a fall in the 
interstitial pressure with more transudation. As the inter- 
stitial space continues to fill fluid overflows into the 
alveoli and washes away surfactant leading to increased 
surface tension, more alveolar collapse and a further 
tendency to lower the interstitial tissue hydrostatic pres- 
sure and increased plasma transudation. This concept is 
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. bsr out by the appearance of minimal interstitial edema 
at 3 houts which progresses to scattered areas of alveolar 
édema and focal atelectasis at 4 and 5 hours. It is possible 
that epinephrine also has a direct effect on the capillary 
permeability. 

The interstitial edema contributes to the shurtitig pri- 
marily by obstructing the terminal bronchicles and 
precapillary vessels resulting in additional veatilation- 
perfusion inequalities. Impaired diffusion probebly con- 
tributes to the shunt, particularly when the ptlmonary 
flow is very rapid and the venous desaturation extreme, 
but the amount is unknown.®® The alveolar edema and 
collapse cause’ additional shunting. The vascular resist- 
ance tends to be higher in areas adjacent to the col- 
lapse,*8 causing minimal shunting owing to atelectasis 


by 5 hours. Had the cardiac output not fallen, xo doubt 


, the shunting would have been greater. As stown by 
other studies, larger and more areas of atelectasis cause 
increased shunting.!? 

The continued loss of plasma and blood intc the tis- 
` sues results in the formation of hyaline membranes: The 
exudative changés set the stage for the development of 
pneumonia and additional shunting. . 

The total shunting remains essentially the sam3 for the 
5S-hour period but the component causes gradually 
change (Fig. 10). Early, the shunting is due primarily 
to a redistribution of the pulmonary blood flow with an- 
atomic shunts or the opening of “reserve capillar-es” con- 
tributing a small part. As the cardiac output decreases, 
these components decrease and the shunting due to 
interstitial edema increases, Later alveolat edema, at- 
electasis, hemorrhages, pneumonia and hyaline mem- 
brane progressively contribute to the shunting. The final 
picture is shock lung. 

These studies have shown that intermittent inspira- 
tion of pure oxygen significantly decreases the total 
shunting caused by epinephrine for the entire 5-hour 
period. Hypoxia is thought to cause pulmonary arteriolar 
vasoconstriction and it is possible that an increased in- 
spired oxygen tension will decrease the vasoconstriction 
caused by epinephrine. The smaller increases in the pul- 
monary arterial pressure and pulmonary resistance sug- 
gest that pure oxygen inhibits in part the early arteriolar 
vasoconstriction which in turn would decrease -he flow 
through the dilated areas, decreasing the early véntila- 
tion-perfusion inequalities and the subsequent edema 
formation. In addition the oxygen may decreése ana- 
tomic shunting,*¢ 

Because there was always a 30-minute period of ven- 
tilation with air before any measurements were made 
and because no emphysema was ever noted, iż is un- 
Jikely that a lack of complete alveolar equilibretion re- 
sulted in a higher alveolar oxygen tension than cssumed 
and less shunting. Further, a lack of equilibration would 
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Fic. 10. Schematic representation of the changing components of 
the total pulmonary shunt during epinephrine infusion. 


not explain the decreased pulmonary pressure and re- 
sistance with intermittent oxygen. 

Why epinephrine causes vasoconstriction in some areas 
and vasodilatation in others remains to be explained. 
That it does occur is supported by work of Lehr who 
noted a remarkable redistribution of the pulmonary 
blood flow in rabbits in response to a variety of experi- 
mental stimuli with vasoconstriction in some areas and 
vasodilatation ir others.?4? Alpha and beta adrenergic 
receptors are known to be present in the pulmonary 
vascular bed,'*4°! but their precise location is not 
known. One possibility is that the arterioles have alpha 
innervation and anatomic shunts beta, with stimulation 
of the latter leading reflexly to inhibition of vasoconstric- 
tion in the proximal contiguous beds and therefore in- 
creased flow. Another possibility is that all arterioles 
have both types of receptors and the response to stimu- 
lation depends on the status of the alveolar gas or local 
vascular pressures or flow. In this situation anatomic 
shunts could open passively, as a safety valve, to in- 
creased pressure. The correlation of shunts with pressure 
and cardiac output during inspiration of oxygen in these 
studies tends to support this hypothesis. 

Progressive pulmonary insufficiency has been ob- 
served in man and animals following a variety of critical 
illnesses including sepsis, trauma, and shock from var- 
ious causes. Wher respiratory failure is associated with 
shock it is frequently called “shock lung”. It is also 
known, however, by other names depending on the clin- 
ical setting, e.g. post-traumatic pulmonary insufficiency, 
non cardiac pulmonary edema, and the adult respira- 
tory distress syndrome. The many names attest to the lack 
of understanding of basic pathogenic mechanisms. 

Pulmonary insufficiency begins insidiously and is 
characterized by progressive arterial hypoxemia unre- 
sponsive to increasing concentrations of inspired oxy- 
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gen, often beginning at a time when examination of the 
chest and X-ray are normal. 

Many conditions contribute to pulmonary insufficiency 
such as pre-existing pulmonary disease, abdominel dis- 
tention, secondary pneumonia, congestive heart failure, 
fat or thrombotic embolism and frequently the resus- 
citation itself, ie. mechanical ventilation, high corcen- 
trations of inspired oxygen for long periods, anc fluid 
overload, particularly those without colloid. However, 
pulmonary insufficiency often cannot entirely be ex- 
plained by any of these factors. Early, contribating 
causes may be absent and later the pulmonary iasuf- 
ficiency may be out of proportion to any demonst-able 
causes. 

A common denominator to all of the acute critical 
illnesses associated with progressive pulmonary insuffi- 
ciency is prolonged increased adrenergic stimulction. 
Frequently the endogenous catecholamine blood levels 
are as high or higher than those in these studies. 1533,40,54 
In addition to the similarity i in the progressive hypoxemia, 
the sequential microscopic changes in the lungs folowing 
epinephrine are similar, if not identical, to those sean in 
animals in early shock from various causes,*®*° and simi- 
lar to that seen in patients dying in shock. The -atter 
are necessarily more advanced and mixed with sther 
pulmonary complications. Lastly, animals in shock treated 
with beta adrenergic blockade showed improved survival 
rates correlating with increased arterial oxygenation and 
decreased shunting and lacked the microscopic changes 
of shock lung. Patients in septic shock treated with beta 
blockade showed increased arterial oxygenation de- 
creased shunting and increased survival.> 47, 

These studies add support to the thesis that prolonged, 
increased adrenergic stimulation plays an importan: role 
in the pathogenesis of pulmonary insufficiency associated 
with critical illness.? Rather than naming the respiratory 
failure by the associated clinical setting, it is suggested 
that an all inclusive term based on the pathogenz:zis be 
used, such as pulmonary insufficiency of stress. 

It is suggested that intermittent oxygen therapy may 
be useful in helping to prevent as well as treat the pro- 
gressive pulmonary insufficiency associated witk acute 
critical illness. 


Summary 

Sequential hemodynamic and pathologic studies were 
carried out in 60 anesthetized mongrel dogs for = hours. 
Fifteen dogs (Gr. 1) ventilated with air showed a grad- 
ual decrease in pulmonary A-V shunting. In D dogs 
- (Gr. 2) ventilated with air and given’ epinephrine, 2 
pg/Kg/min, there was a rapid significant increzse in 
pulmonary A-V shunting which continued for the entire 
infusion: There was a rapid and sustained increase in 
the mean pulmonary artery pressure, total pulmonary 
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vascular resistance, and no change in the mean pulmo-. 
nary artery wedge pressure, Ten dogs (Gr. 3) ventilated 
with pure oxygen alternating with air and given epi- 
nephrine showed a rapid significant increase in shunting 
during the inspiration of oxygen which gradually de- 
creased and fell below control at 4 hours. During ven- 
tilation with air there was a significant increase in shunt- 
ing for 5 hours which, however, was significantly less 
than group 2 but greater than group 1. The mean pul- 
monary arterial pressure and total pulmonary vascular 
resistance were elevated for the entire period, but sig- 
nificantly less than group 2. 

In dogs rezeiving epinephrine light and electron mi- 
croscopy showed pigment filled angioid structures prom- 
nent between % and 1 hour, consistent with anatomic 
shunts. Minimal interstitial edema appeared at 3 hours 
and progressed. Alveolar edema and atelectasis appeared , 
at 4 hours and progressed along with areas of hemor- 
rhage, pneumonia and hyperemia. 

These studies suggest that epinephrine causes vaso- 
constriction in some areas of the lung and vasodilatation 
in others resulting in a redistribution of the pulmonary 
blood flow. The early shunting is primarily due to ven- 
tilation-perfusion inequalities with a small part resulting 
from opened anatomic shunts or reserve capillaries, or 
both. As the cardiac output falls and these components 
decrease, shunting from interstitial edema increases. 
Later alveolar edema, atelectasis, hemorrhage, pneu- 
monia, and finally hyaline membranes contribute to the 
shunting. 

Intermittent oxygen is useful in lessening as well as 
treating the pulmonary insufficiency resulting from 
epinephrine. 

It is suggested that unexplained pulmonary insuf- 
ficiency assaciated with acute critical illness such as 
sepsis, trauma and shock from various causes is due, at 
least in part, to prolonged increased adrenergic stimula- 
tion. 
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Discussion 


Dr. Francis D. Moore (Boston): Dr. Berk working in A-kon, 
not in a large university hospital, has contributed an interesting 
series of papers that have a common thread through them, that 
is the effect of beta blockade and beta stimulation in a ~ariety 
of experimental circumstances. 

This paper is a further contribution in that consistent Hre of 
research. 

He has shown large pulmonary shunts, 30-40% within just a 
few minutes or an hour, in dogs given large but not massive 
infusions just of epinephrine. 

The two questions are, why do these animals shun: and, 
secondly, what is the meaning in clinical trauma? 

First as to the why. Pulmonary edema and atelectasis the two 
commonest causes of shunting in man: They occur late, so they 
probably do not enter the picture this early. 

He has shown increased pulmonary vascular resistence, ele- 
vated pulmonary arterial pressure with a low left arterial pres- 
sure so there must be something going on in the blood vessels 
themselves. One wonders if this ie has some effect on dëtribu- 
tion of blood flow, as he has postulated, or on opening vp of 
new vessels that bypass the alveoli The fact that oxygen im- 
mediately, just within a few minutes, reverses this effect is really 
a spectacular finding and of course quite contrary to many things 
seen in man. 

As to the meaning in man, I would only echo the caveat 
which he has already mentioned: this is an infusion o= pure 
epinephrine, without nor-epinephrine, so it is not anything like 
the normal catecholamine mix seen in man and it is roz ac- 
ge a by an increase in any of the cortisone-like hormones, 
so that it should not be equated with ordinary trauma in man. 

I believe as his work goes on, Dr. Berk is going to stow us 
the effect of beta blockade on the system. 

If Propanolol blocks this shunting, we certainly have learned 
something about the local mechanism. 

This is a very thought-provoking paper and I want © con- 
gratulate him for carrying on this work, 


Dr. Wiit1AM R. Drucker (Charlottesville): I had the p-easure 
of, reviewing this manuscript and have also had the p-.easure 
over many years of being acquainted with the work of Dr. Berk. 

As an echo of the comment made by Dr. Moore, the sig- 
nificance of this man working alone in Akron should act be 
underestimated. His work has been consistent. It has kept us 
aware that beta blockade may be very important in the -reat- 
ment of many patients in shock, One reason I consider thi: line 


of investigation to be important is that it helps to explain the 
entity known as epinephrine or adrenalin shock. 

Shortly after the discovery of epinephrine, Malcolm in 1905 
warned that it could be a dangerous as well as a life-saving 
drug. This warning was re-echoed during the first world war 
by Bainbridge and Trevor in England and then forgotten. In 
movies and radio soap operas it became a standard dramatic 
event for the doctor to call for—“more adrenalin!”. Our under- 
standing of homeostasis and the role of the autonomic nervous 
po slowly increased, but we continued to give adrenalin for 

esperate situations refractory to other therapy. Then in the 
mid-1950’s Mark Nickerson clearly showed the epinephrine or 
nor-epinephrine could cause death if given over a period of 
time in sufficient dosage. ° 

The interesting thing about these studies was that the animals 
died with a measureable decrease in their circulating blood 
volume. But the volume lost was not sufficient by itself to cause 
death, as it was rarely more than 16 to 20% of measured blood 
volume. 

We conducted some studies following the work of Nickerson 
which indicatec that lethal epinephrine shock was associated 
with severe metabolic changes. The major difference was the 
significantly less marked reduction in blood volume in the 
animals dving of epinephrine shock than in the animals with 
similar metabolic alterations dying of hypovolemic shock: 

The studies that Dr. Berk reported today, I believe, shed some 
light on the mechanisms of epinephrine shock. Epinephrine 
causes, through the mechanism that Dr. Berk has described, a 
transudation of fluid from the capillaries into the interstitial 
spaces. Ore could readily add that by the detrimental influence 
of prolonged epinephrine release on energy metabolism it may 
also contribute to a shift of fluid from interstitium into the 
cells—in suppor: of the concept we have just heard from Dr. Baue. 

The combined influences of a reduction of circulating blood 
volume, impairment of oxygenation by shunting and possibly 
the effect of epinephrine on the movement of fluid in the in- 
terstitial spaces, provides mechanistic rationale for the marked 
metabolic alterations such as accumulation of lactic acid, de- 
pression of pH and increased rate of glucose consumption. 

It should be emphasized, however, that the metabolic altera- 
tions of epinephrine shock only occur with a prolonged exposure 
to increased blcod levels of epinephrine and should not be con- 
fused with the metabolic changes which develop during the, 
immediate homeostatic response to injury when the increased 
blood levels of epinephrine have a vital role in promoting sur- 
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vival. Dr. Berk gives strong support to the concept that the 
detrimental and possibly lethal effects of epinephrire require 
time to develop and involve factors beyond peripheral hypoxia 
due to vasoconstriction. 

I should like Dr. Berk to comment if he will ‘as to whether 
he has as yet any evidence about the influence of bete blockade 
on the changes which he has described 30 clearly. 


Dr. SamueL R. Powers, Jr. (Albany): I wish to compliment 
Dr. Berk on amassing a very large and careiully obtained set 
of data. I wish to make one comment and to ask a question. 

If I understood correctly, Dr. Berk was suggesting that 100% 
oxygen breathing might be beneficial in the management of this 
particular model and also by implication in some clirical situa- 
. tions. I would suggest this may not be the case in man. We 
have studied the effect of 100% oxygen breathing on various 
parameters that are particularly important in man, namely the 
functional residual a and the shunt fraction. 

The FRC was measured using 20% oxygen and an inert gas. 

The patient was then shifted to 100% oxygen breething and 
the functioral residual capacity was re-determined. The FRC 
dropped by more than 50% with 100% oxygen suggesting that 
alveolar units have collapsed. 

The shunt as calculated on 20% oxygen, was 22%. On 100% 
oxygen the shunt was 13. 

With the addition of 5 cm. of PEEP, the shunt measured on 
20% oxygen dropped to 11%, whereas the shunt on 100% did 
not change. Improvement in oxygenation was eccomplihed with- 
out an increased inspired oxygen and, in fact, the increased 
oxygen was detrimental. 

I would like to ask Dr.. Berk whether the epinephrine affected 
the bronchial circulation the same as the peripheral >irculation. 
I wonder what his thoughts are about the possibility that his 
findings were due to lung ischemia caused by constriction of the 
bronchial arteries. 


Dr. PauL A. Eserr (New York City): I have several ques- 
tions I would like to ask Dr. Berk. 

As regards this type of model in a shock state, me usually 
does not sez the changes in ventilation perfusion this early and 
from th® data, it seems as if one is seeing the charge in pul- 
monary arterial tone and a ventilation perfusion in ecuality that 
is corrected almost entirely by oxygen administration. 

Was the mixed venous oxygen saturations measured in these 
animals, or do they go down at the same time and was the pH 
‘measured, because we have found if pH jis controlled in a 
situation in which there is shock, almost invariably there is no 
pulmonary arterial pressure increase, no matter how much epi- 
nephrine is given. We have found that some of the ventilation 
perfusion inequality can be averted Ly maintaining a slightly 
alkalyzing state by administration of either sodium bicerb., Tham. 
or tris. 


Dr. Gupert S. CAMPBELL (Little Rock): I would like to 
make one comment and ask one question. 
I believe many investigators have noted a correlation between 
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elevated pulmonary artery pressure and the systemic arterial 
desaturation which you showed so very nicely. 

The question concerns the constant infusion of epinephrine, 
it would seem that you would translocate blood from the sys- 
temic vascular tree to the pulmonary vascular tree and I won- 
dered -f you measured lung weights in these animals. 

° 


Dr. James L. Berrk (Closing): In answer to Dr. Moore, yes, 
we have tried Propranolol in this epinephrine model. In the 
few dogs we have studied so far we can prevent the shunting 
by pretreating the dogs with Propranolol. In addition, we have 
been eble to reverse the changes after the epinephrine infusion 
has started. 

In answer to Dr. Druckers question, we have used beta 
blockade in treating patients in late refractory, septic shock. 
The improved arterial oxygenation during inspiration of 100% 
oxygen, otherwise unexplained, suggests a decrease in the 
shunting. Recently we have been placing a Swan Ganz catheter 
in the pulmonary artery and have been able to quantitate the 
decrease in pulmonary shunting following Propranolol. We have 
also aad an increase in the total peripheral resistance and 
arterial pressure following Propranolol which we think improves 
the coronary circulation. Thus beta blockade seems to be bene- 
ficial Ey causing a redistribution of the blood flow both in the pul- 
monary and systemic circuits. 

We have not measured lactates very often. They are time 
consuming and we have not found them particularly useful in 
treating patients. 

In answer to Dr. Powers’ question, we use oxygen mter- 
mittently. I am sure if we used it for long periods it would 
cause a problem. It is unlikely that the effect of epinephrine 
results from constriction of the bronchial arteries with lun 
ischemia. The observed pathologic changes are in the interstitial 
spaces and alveoli and seem to result from hemodynamic changes 
in the capillaries and the small extra-alveolar vessels, The oxygen 
supply to these structures comes from the alveoli not from the 
bronchial arteries. The bronchial arteries supply the larger vas- 
cular structures and the bronchi proximal to the terminal 
bronchioles, and we have observed no pathologic changes in 
these areas. 

In answer to Dr. Ebert, yes, we have measured the mixed 
venous oxygen content and Pos. Interestingly enough, an un- 
expected increase in both occurred early. We think there are 
two reasons for this. First, the hematocrit increases very likely 
from contraction of the spleen, and secondly, there is a decrease 
in the A-V oxygen difference probably resulting from peripheral 
A-V shunting. Later on, the contents fall. 

We have measured the arterial pH and it falls somewhat. 

In answer to Dr. Campbell’s question, we have not measured 
lung water. I think this would be very interesting and is the 
next logical step. 

The pulmonary wedge pressures consistently fall following epi- 
nephr-ne, so if there is a translocation of blood from the systemic 
to the pulmonary circulation, it probably does not have much 
functional significance. 


Changing Patterns in Surgical Infections 


HANGES IN LIFE are inevitable, and at the morent 
we are gripped in a series of revolutionary charges 
which threaten our society. Not all of these charges 
are social and economic, however, and some are ma-ro- 
bial. Various stressful forces imposed upon microorgan- 
isms during the past 30 years have produced reacccons 
in the microbial world which, in turn, have influemed 
the pattern and nature of infections seen in the pra>ice 
of surgery. 

Although antibiotic therapy has been in general ase 
for one-third of a century, clinical and laboratory ex- 
perience indicates that the overall incidence of infec“bns 
in surgical patients has not been significantly reduce—?® 
As certain infections have been brought under pros-es- 
sive control with antibiotic therapy, other types jave 
taken their place. 

Studies of the microbial etiology of surgical infectÐns 
have been made in the Department of Surgery at žhe 
University of Cincinnati Medical Center during =he 
past 28 years. Between 1942 and 1956, approxima ely 
two-thirds of the surgical infections were causec by 


_ the gram-positive cocci, particularly the Staphylocous 


aureus, the Beta Streptococcus, and the Pneumococcus. 
Since 1956, and particularly since 1965, there have b2en 
significant changes noted in the types of infections 32en 
in surgical practice.1.7°.5.17 These changes have inclided 

the following: 
1, An increasing incidence of gram-negative infec-Dns 
with a relative decrease in gram-positive infect-ens. 
2. Superimposed or secondary infections develoxng 

_ during antibiotic therapy. 
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3. An increasing incidence of gram-negative infec- 
tions by bacteria formerly recognized as having 
little or no virulence. 


4. The association of an increasing number of in- 
fections with L-forms and other atypical bacterial 
forms. Wound abscesses, abdominal abscesses, 
brain abscesses, and thromboembolic diseases have 
been examples. 

9 

5. Infections by fungi and viruses. 

6. A growing awareness of the importance of gram- 
negative anaerobic infections produced principally 
by the Bacteroides. 


7. Cyclic variations in Staphylococcal resistance to 
penicillin. 
8. Changing patterns of Staphylococcal phage types. 


Increasing Incidence of Gram-negative Infections 


Gram-negative bacillary infections have become of 
greater frequency and importance during the past 15 
years. Between 1956 and 1970 a fourteen-fold increase 
in the number of gram-negative infections occurred in 
the Cincinnati area, and now two-thirds of the infectioris 
have been of this type.'7® The causes of this increase 
have not been clear, but they seemed to be related to 
the widespread and intensive use of antibiotics, the rapid 
extension of new and complex surgical operations and 
diagnostic procedures to elderly and other high-risk 
patients, changes in host resistance, and a number of 
iatrogenic factcrs.1:5,8.15,16.19 i 

The bacteria most concerned with this increased inci- 
dence of gram-negative sepsis have been E. coli, Aero- 


A, 


ye 
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bacter aerogenes, Proteus, Pseudomonas aeruginosa, and 
Serratia.1.2.5,8,14,15,19,31,38 Their sources have been the 
urinary tract in 53% of the cases. The respira-ory tract, 
the alimentary tract, continuous intravenous therapy, and 
various iatrogenic procedures followed in im>ortance. 


Superimposed or Secondary Infections Developing 
during Antibiotic Therapy 


Of interest also has been the observation that approxi- 
mately 80% of these serious infections develoved while 
patients were on antibiotic prophylaxis or tterapy for 
other infections.+5*.81419 Such infections kave been 
designated as secondary or superimposed infections. 

Clinica! and laboratory studies of infections develop- 
ing in patients under antibiotic therapy have shown in- 
teresting patterns related to the antibiotics im use and 
the emerging or complicating microbial infections. Table 
1 summarizes some of these trends. 

Figure 1 illustrates the phenomenon of emerging 
serious secondary infections in relation to different 


types of antibiotic therapy. 


The Increasing Incidence of Infections by Bacteria 
of Low Virulence 


In regard to the emergence of secondary infection, 
there appears to be a relationship between it and 
intensive or prolonged antibiotic therapy. 1,815.19 Ty 
addition there has been a sharp increase in tke number 
of cases cf septicemia caused by gram-negativ2 bacteria 
previously considered to have little or no virulence. 
An example has been the number of patisnts with 
Serratia marcescens septicemia on the surgice] services 
of the University of Cincinnati Medical Center (Fig. 2). 
A retrospective and prospective study of 42 patients 
with this infection has been made, and it has been 
interesting to note that 80% were associated with ante- 
cedent or concurrent antibiotic therapy, often in large 
dosage.® This has suggested that Serratia sepsis is an 





TABLE 1. nae Secondary Infections during Antibiotic CURI 
Antibiotic  Infecting Microorganism 
Penicillin Resistant Staphylococcus 
Aerobacter aerogenes 
. Pseudomonas aeruginosa 
Serratia marcescens 
Candida albicans 
“L” forms 
Tetracycline Staphylococcus aureus 
Candida albicans 
Colimicin Proteus 
Staphylococcus aureus 
Gentamycin Candida albicans 
Proteus 


“L” forms and other atypical bacterial forms 
Staphylococcus aureus UC-18 
Resistant gram-negative bacilli 


Neomycin 


= 
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emergent secondary infection by an organism of other 
wise low virulence or that antibiotic therapy depresses 
the patient’s resistance and permitted i invasive infection 
by such a microorganism. The seriousness of this emerg 
ing infection was emphasized by its _ mortality of 40%. 
Of special interest was the observation in the first 1 
cases that eleven had developed spontaneously durin; 
intensive antibiotic therapy with penicillin in dose 
above 10 million units per day in nine cases and witl 
Keflin in three cases. Another example of emergen 
septicemia by an organism of low virulence has beer 
that of gram-positive bacterial species seen in 11 pa 
tients with severe burns in the Trauma Center of th 
University of Cincinnati Medical Center. 

Association of an Increasing Number of Infections witl 
“L” Forms and Other Atypical Bacterial Forms. Th 
presence of “L? forms and other atypical bacteria 
forms has been documented in various surgical infection 
such as thrombophlebitis, wound abscesses, brain ab 
scesses, empyema, tubo-ovarian abscesses, and simila 
lesions studied in the Research Surgical Bacteriolog: 
Laboratory of the University of Cincinnati. The etio 
logic significance of the “L” forms has remained obscur 
and debatable. Interest in these atypical microorgan 
isms has centered about three observations which hav. 
been under study in the Research Surgical Bacteri 
ology Laboratory of the University of Cincinnati durin 
the past 10 years: 

1. Their spontaneous appearance in the blood strean 
and cerebral ‘spinal fluid in patients during anti 
biotic therapy and in association with signs o 
sepsis; 

2. Their presence in pure culture and abscesses o 
patients during or following antibiotic therapy, anc 

3. Their presence in the blood stream, cerebral spina 
fluid, of thrombi of patients with recurrent throm 
bophlebitis and thromboembolic disease. 

“L” and other atypical forms were found in thi 
blood or thrombi in all cases in a study of 54 patient 
with thromboembolic disease.1! Cultures of the bloot 
in a similar number of patients randomly selecte 
were negative. The etiologic association of these micro 
organisms with the thromboembolic disease has beer 
under clinical and laboratory investigation. 

Nosocomial Infections, In exploring the possible reason 
for the apparent failure of antibiotic therapy to preven 
postoperative wound and hospital acquired infections 
our attention has become focused on the fact that, som 
surgical infectons may be related to diagnostic. o. 
therapeutic factors and are, therefore, to be consideré 
nosocomial or iatrogenic, Current surgical practice fre 
quently requires prolonged or frequent use of prolongec 
urinary bladder catherizations, complex diagnostic pro 
cedures, prolonged intravenous therapy, tracheosto 
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mies, and respiratory assistance. These procedures end 
their subsequent management may become nosocomial 
sources of gram-negative ‘invasive infection and septi- 
cemia. The importance of nosocomial infections in 
surgical hospitalized patients has been emphasized in 
our study of 398 cases of gram-negative septiceriia 
in which three-fourths of the patients in this seles 
acquired this complication in the hospital, and treir 
prognoses were poorer.'? 
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The most frequent source of the gram-iegative septi- 
cemia was the urinary tract in 191 cases (56%). In 91 or 
48% of these, onset of septicemia was related to urinary 
tract instrumentation or operation. In 82% of all cases 
of septicemia due to Escherichia coli and Paracolon 
aerogenoides, the focus of infection was the urinary 
tract. The urinary tract was the portal of entry in 75% 
of the cases of septicemia caused by Aerobacter aero- 
genes. The second most common source was the re- 
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spiratory tract, which accounted for 55 cases! 19 of 
which had tracheostomies. In 51 patients, including 19 
burns, the infecting organism eritered the blood, stream 
from an integumentary infection. Emergency ‘trache- 
ostomy, while a useful and life-saving procedure in 
severely injured or seriously ill patients, may become 
the route of life-threatening pulmonary infections 
caused by the Staphylococcus aureus, Pseuaomonas 
aeruginosa or othet virulent bacteria of the hospital 
reservoir. In an increasing number of cases, kacterial 
invasion of the blood stream has been the result of 
gram-negative bacterial contamination from continuous 
intravenous therapy, due either to contaminated 
fluids, infected venosection site, or septic thrombo- 


phlebitis as a complication of indwelling intravenous — 


càtheters, 15-17 

For example, recent experience has indicated that 
prolonged intravenous therapy with indwelling needles 
or catheters has been an unusually active source of 
postoperative infections. This has been particularly 
evident in high-risk debilitated and aged patients, and 
patients under steroid or immunosuppressive ther- 
apy.t515 Recent surveys at the Universitv of Cincinnati 
showed that over 70% of patients with indwelling 
intrayenous catheters for 72 or more hours developed 
significant’ areas of thrombophlebitis or active cell- 
ulitis, alone with their resultant discomfort, fewer, and 
increased morbidity.21® Serious and fatal irfections 
initiated by intravenous therapy have been observed. 
A new gyndrome called the Third Day Fever kas been 
described as a gram-negative septicemia oz2curring 
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Fie, 2, Chart dépicting the post-gastrectomy and vagotomy course 
of a patient who developed septicemia caused by Serratia mar- 
cescens as a complication of acute thrombophlebitis secondary to 
continuous intravenous therapy. 


three days postoperatively in trauma and other high- 
risk patients (Fig. 3). It would appear that this type 
of hospital acquired infection is significant of con- 
tamination of the intravenous solution or catheter and 
that there is need to provide better methods of con- 
tinuous intravenous therapy. 
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Fic. 3. “Third Day Surgical Fever” with Enterobacter sep tcemia 
and septic shock which developed in association witL acute 
thrombophlebitis three days postoperatively during penicilin and 
continuous intravenous therapy. 


Other nosocomial infections have been the rezult of 
certain procedures or practices in anaesthesia ard sur- 
gery. It should be remembered that virulen- and 
potential respiratory pathogens may be presat in 
asymptomatic patients. While the mucous membranes 
have acquired the ability to confine the grovth of 
bacteria to its surface, experience has shown thac such 
microorganisms are capable of initiating infections cf the 
respiratory tract when the local resistance of the tissue 
is depressed or the mucous membrane barrier broken 
down by instrumentation or trauma. 


Infections with Fungi and Viruses 


Fungi of the Candida group are common inhabitants 
of the human skin and the gastrointestinal trac. Re- 
cently, this organism has become a problem o- con- 
siderable magnitude in the management of the burn 
patient.278° Evidence has shown that the administration 
of large doses of antibiotics predisposes to the develop- 
ment of such infections in patients with large barns. 
Long-term intravenous infusion or hyperalimer-tation 
has been incriminated as a factor leading to the develop- 
ment of yeast infections in a wide variety of surzical 
conditions. 

Candida infections have recently emerged «es a 
major threat to survival of serverly burned pet-ents 
at the Cincinnati Unit of the Shriners Burns In. ttute 
and the Burn Unit of the Cincinnati General Hosri-al.?” 
When identified it has sometimes been discount24 as 
being of no clinical significance, and even at au-cpsy, 
` disseminated candidiasis has been easily missed, since 
it has not stained well with hematoxylin-eosin. S>acial 
technics have been necessary to demonstrate the pres- 
` ence of the yeast organisms within the tissue. 

There have been 22 individuals observed o2 the 


ALTEMEIER, JJMMEL, HILL AND LEWIS 


Ann. Surg, « October 1973 


surgical service who have had at least one positive 
blood culture for Candida organisms. Five had only 
C. albicans, 14 had Candida species, and three had 
organisms of both types at some point during their 
hospital course, Of the 427 acute burn cases studied, 
119 had at least one positive blood culture for some 
bacterial or fungal organism during hospitalization. 
The number of positive cultures for Candida species 
in the individual patients varied from one to 28. 

A review of 22 patients with Candida septicemia 
showed that there were 14 deaths, and in 11 cases, 
disseminated candidiasis was demonstrated at autopsy. 
All deaths from candidiasis after 1969 occurred in 
patients with third-degree burns involving more than 
50% of the body surface, except for one patient who 
was admitted 92 days postburn. _ 

The presence of Candida organisms as demonstrated 
by smear of the wound has not been considered an 
indication for therapy unless other organisms are en- 
countered and the patient is not doing well clinically. 
If candiduria is demonstrated, nystatin should be 
orally administered and the Foley catheter if presni 
should be removed. 


Cyclic Variations in Staphylococcal Resistance to Pen- 
icillin. These and other similar changes have been of 
great interest and considerable concern to us, and they 
have resulted in a number of laboratory investigations 
designed to explore their possible causes. One of these 
has been the continuous study of antibiotic resistance 
of the strains of Staphylococcus aureus isolated from 
infections and studied in the University of Cincinnati 
Surgical Reseach Bacteriology Laboratory over the 
past 28 years.* The results of this investigation have 
been very interesting and they suggest significant 
changes or differences in the Staphylococci present in 
the surgical environment. 

It has been generally believed that the hemolytic 
Staphylococcus aureus has progressively acquired a high 
degree of resistance to penicillin which has become so 
marked that it is presently imposing serious limitations 
on the effectiveness of penicillin therapy for the pre- 
vention or treatment of lesions caused by this microor- 
ganism. In 1943, 96% of the strains of hemolytic 
Staphylococcus aureus tested in the Research Surgical 
Bacteriology Laboratories of the University of Cin- 
cinnati were found to be highly sensitive to penicillin. 


TABLE 2. Cumulative Data on Resistance of Hemolytic Staphylococcus 
Aureus to Penicillin 
Per Cent 
Year Strains Tested Resistant 
1951 119 51 ° 
1952 379 49 


1953 708 41 


<< i 
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By 1950, however, an average of 51% of the strains 
had become resistant. Between 1951 and 1954, cum- 
ulative records of the resistance of all strains cf hemo- 
lytic Staphylococcus aureus passing through his lab- 
oratory showed evidence of a reversal of this trend 
(Table 2), 

Intrigued with this observation, a 5-year stucy of the 
‘number of penicillin-resistant strains of this organism 
per total number examined was undertaken Zor each 
3-month period. Comparative studies were mace of the 
in vitro resistance to the tetracyclines and 2hloram- 
phenicol using the antibiotic disc method. 

During the 5-year period between July 1, T951 and 
June 30, 1956, a total of 1422 strains of the Staphy- 
lococcus aureus were studied in this manner. The re- 
sults showed an unexpected and surprising variation 
in the percentage of strains resistant to penicillin, which 
varied between the extremes of 80 and 19% in different 
yearly quarters (Fig. 4). 

Two peaks of the highest penicillin-resistence oc- 
curred in the fourth quarter of 1951 end the second 
quarter of 1954, when 74 and 80 percent respectively 
were found. Secondary or lesser peaks were noted in the 
third quarter of 1952, and the second querters of 
1954, 1955, and 1956. In the first and second quarters 
of 1952 and during all quarters of 1953, only f9 to 29% 
of the strains were resistant to penicillin, 7I to 81% 


Fic. 5. A graph which traces 
the continuing studies of the 
cyclic variations in resistance of 
isolates of Staphylococcus au- 
reus to antibiotics, particularly 
penicillin, in the period 1961 
through 1972. Note the sharp 
drop in the incidence of re- 
sistance to penicillin in 1968. 
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Fic. 4. A pap which depicts the cyclic variations in the re- 
sistance of isolates of Staphylococcus aureus to penicillin in the 
period 1951 through 1960. 


being sensitive. During all of 1954, however, 47 to 80% 
were resistant in the different quarters. This phenom- 
enon has been designated as cyclic variations in 
Staphylococcal antibiotic resistance. 


STAPHYLOCOCCUS ANTIBIOTIC RESISTANCE PATTERNS 
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At the same time, the resistance of the same strains 
of hemolytic Staphylococcus aureus to oxytetracycline 
was found to have increased more progressively with 
little tendency to swing from one quarter to andher. 
There was a definite sustained increase in the percentage 
of strains resisfant to this antibiotic from 1-8 in 
1951 to approximately 50% in 1954. Between 1955 and 
the second quarter of 1958, the percentage remained 
at levels between 30 and 52. 

‘In the case of chloramphenicol, however, there was 
no tendency of the hemolytic Staphylococcus cureus 
to acquire resistance to its antibacterial action The 
susceptibility of the strains tested remained at surpris- 
ingly high levels between 1951 and 1973, and the ex- 
tremes varied between 88 and 100%, the majority teing 
between 94 and 98% (Figs. 4 and 5). 

- Because of the- limitations of the disc sens-_t-vity 
test method, there was some doubt regarding tnese 
findings. Between 1956 and 1959 in vitro testing was 
done both by the disc and the tube dilation me-kods. 
Similar variations in the resistance patterns were Joc- 
umented, confirming the earlier observation of the cyc- 
lic variations in the Staphylococcal antibiotic resistance 
pattern. The results of these studies were most in- 
teresting from several standpoints. We had been g-eatly 
concerned with the threatened curtailment of pohy- 
lactic and therapeutic effectiveness of penicill’r in 
surgery and had hitherto assumed that a progressively 
large percentage of strains of hemolytic Staphylocozcus 
aureus in our hospital environment had acquired more 
or less permanent resistance to this antibiotic agent. 
The data obtained did not support this concep: and 
indicated that wide variations in the ratio of penizillin- 
susceptible to resistant strains had occurred whin 
3-month periods during the past 5 years (Fig. 5). 
The data further suggested that unknown factors were 
at work that either caused irregular spread of resistant 
strains or produced cyclic variations in the incidence 
of acquired penicillin resistance. Figure 4 suggested that 
some factor caused the emergence of resistanze in 
three-fourths to four-fifths of the strains in 1951 and 
1954. Continuation of the studies of the antibiotic 
resistance patterns of the Staphylococcus aureuz has 
been possible since the original report in 1957 fcr the 
period between 1958 and January 1, 1973. 

: Between January 1964 and July 1, 1972 a toral of 
4133 cultures of Staphylococcus aureus were tested for 
resistance to penicillin, oxytetracycline, chloramphenical, 
as well as other antimicrobial agents commonly in 
‘use. The results have indicated that there has contirued 
to be apparent cyclic variation in resistance o? the 
Staphylococcus aureus to. penicillin, with a dramatically 
decreased incidence of resistance (23.8%) occurring 
in the first quarter of 1968 and an incidence of 3.0% 
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resistance during the last quarter of 1970. This was the 
lowest percentage since the first quarter of 1957 when 


10% of the isolates tested were resistant to penicillin. 


During the first and fourth quarters of 1971 the per- 
centage of resistance rose to 23%, but in the other two 
quarters of that year and the first two quarters of 
1972, the percentage of resistance has remained under 
10% (Fig. 5). 

During the second quarter of 1968 there was also 


a significant decrease in the percentage of resistance 


to tetracycline to 5.0% followed by a rise to 40.4% 
during the fourth quarter of 1969. Variations continued 
throughout 1970, 1971 and 1972 with a marked drop 
from 41% in the second quarter of 1972 to 5.0% in ~ 
the fourth quarter of 1972 (Fig. 5). 

The periods of high resistance of the Staphylococcus. 
aureus to penicillin were associated with changes in 
the patterns of infection in that the lesions were more 
resistant to penicillin and were greater in number. 
As the penicillin resistant strains spontaneously dis- 
appeared from our environment, the number of in- 
fections also decreased. 


Changing Patterns of Staphylococcal Phage Types 


Phage typing of all Staphylococcus aureus isolates 
have been monitored since 1957 in an effort to explore 
the nature and causes of the cyclic variations of this 
organism to penicillin, and to a lesser degree to tet- 
racyclines. A high incidence of non- typability > of the 
Staphylococcal isolates was noted during the periods 
of higher penicillin resistance using the International 


' Series of bacteriophages.* (Table 3) It was theorized 


that new and untypable phage types of highly resistant 
Staphylococcus aureus might be emerging or introduced 
into the environment during such peaks of resis- 
tance,?1,23.26 

The investigations of Thomas, Hill, Culbertson, and 
Altemeier have resulted in the development of new 
bacteriophages particularly the UC-18 and UC-18, with 
which it has been possible to identify 38% of the 56% 
untypable strains with the International Series.” Thus 
the typability was increased from 44% with the In- 
ternational Series of bacteriophages to 65% with the 
addition of the newly developed UC-18 and 13 bacte- 
riophages. 

Of great interest has been the demonstrated incidence 
of resistance of the isolates Staphylococcus aureus UC-18 
to penicillin of 83.6% to 95.4%, during the period 
between January 1960 and December 1965, depending 
upon the source of the cultures. The average resistance 
was 91.82 (Table 4). 

The reasons for the dramatic decrease in the number 
of isolates resistant to penicillin during the first half 
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` Taste 3. Comparative Incidence UC-18 Staphylococcus and Per Cent 
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Phage Untypabiliv 
Total 
Cultures Phage Type Phage Type 
Tested Untypable UC-18 30, 81 
1960 
No. 2593 424 82 290 
Per cent 100 58.8 5.8 9.8 
1961 
No. 3594 2198 525 187 
Per cent 100 69.2 23.9 5.2 
1962 
No. 2586 1617 534 109 
_ Percent 100 62.5 33.0 4.2 
1963 
- No. 1463 785 239 79 
Per cent 100 54.5 30.4 5.4 
1964 
_ No. 737 474 218 57 
Per cent 100 64.9 29.6 9.6+ 
1965 
No. 699 493 266 47 
Per cent 100 70.5 38.0 6.7 
1966 
No. 427 291 150 18 
Per cent 100 68.1 35.1 4.2 
1967 
No. 443 239 53 25 
Per cent 100 54.0 12.0 5.6 
1968 
No. 474. 259 3 27 
Per cent 100 54.6 0.6 5.7 
1969 
No. 380 234 3 23 
Per cent 100 61.6 0.8 6.1 
1970 
No. 365 200 0 13 
Per cent 100 54.8 0 3.6 


of 1957 and again in the first quarter of 1968 are 
unknown. Correlated with this trend, however, has 
been a distinct decrease in the incidence o? Staphy- 
lococcus aureus, phage type. UC-18, which had been 
shown to be an important nosocomial agent by us and 
others with epidemic potential for producing surgical 
infections (Fig. 6). Associated: with this decrease in 


O0 Percent untypable 
weeg Percent phage type UC-i8. 





Fic. 6. A graph which compares the incidence of the hemolytic 
Staphylococcus aureus UC-18 with the incidence of untypability 
of all Staphylococzal isolates between 1960 and 1970. Note the 
similarity of the curves with the transient high incidence of UC-18 
Staphylococcus aureus between 1961 and 1967 and the virtual 
disappearance of this phage type Staphylococcus aureus since 
1968. 


this strain of Staphylococcus has been a sharp decrease 
in the use of neomycin, the significance of which is 
not clearly understood. 


Summary 


A series of interesting changes in the pattern of. 
surgical infections have occurred during the past 28 
years. These have included the increasing incidence of 
gram-negative infections with a relative decrease in 
those caused ky gram-positive bacteria, superimposed 


TABLE 4. Percentage of Resistance of Staphylococcus Aureus UC-18 io Antibiotics 
Jenuary, 1960-December, 1965 


Number of 





, Penscillin Chlortetracycline Chloramphenicol 
Culture Source Strains Tested No. % No. % No. % 
Purulent Infections 717 615 90.8 182 25.4 10 "41.4 
Blood 80 75 93.8 21 26.3 0 0 >» 
Urine 116 97 83.6 28 24.1 2 17 . 
Stool 195 186 95.4 49 25.1 5 2.6 
Nose and Throat 401 371 92.5 114 28.4 4 1.0 
Others 215 203 94.4 70 32.6 3 1.4 
Totals 1724 1583 91.8 464 26.9 24 1.4 
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or secondary infections by antibiotic therapy, and an 
increasing incidence of infections by bacteria formerly 
recognized as having little or no virulence. Other pat- 
tern changes studied have been the association of 
greater numbers,gof infections with “L” forms, the grow- 
ing importance of infections caused by fungi and v-r.ses, 
and the cyclic variations in antibiotic resistance and 
the different bacteriophage types of the Staphyloceccus 
aureus noted in our studies. 

The factors responsible for these changes have been 
under study and information useful in the man- 
agement of patients with surgical infections has been 
obtained. Many other factors remain obscure or un- 
known, however. 
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ecology of surgical infection has quite properly emphasized the 
microbial opportunists which are increasingly common and in-° 
creasingly difficult to treat. 

Over the past several years at the US Army Institute of 
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Surgical Research we have observed a similar emergence of 
gram-negative bacteria of ordinarily low virulence. At -he present 
time, Providencia stuartii is the bien most frecuently re- 
covered from our burn patients. That this organism has invasive 
capabilities is well illustrated by the number of times that it 
was recovered from the blood during calendar year 1971. Of 
greatest concern is the fact that infections caused by th:s organism 
are extremely difficult to treat, since less than 3% are sensitive 
to any of the common antibiotics. Many of our patents arrive 
with this bacterium on their burn wounds, and we are confident 
that it is not an organism peculiar to our Institute. Since specific 
identification of this organism in the bacteriology laboratory takes 
several extra steps, I would like to ask Dr. Altemeier whether 
any of the Enterobacter species he reported were actually 
Providencia stuartii. — 

We have also noted a tenfold increase in fungal colonization 
and a fourfpld increase in fungal invasion in our bum patients. 
Although yeasts are the most common colonizers, they rarel 
invade. Fusarium sp. are the most common- true fungi whic 
inhabit the burn wound at the present time, and these organisms 
are not particularly sensitive to polyene antibiotics. Viral lesions 
may also occur in the debilitated, immunologically-suppressed 

atient, and we have now documented 26 cases ‘of extracutaneous 

erpetic disease, as in this patient with esophageal herpetic 
lesions. ¢ l 

‘Lastly, it would be an oversight to omit reference to the 
recrudescence of staphylococci of broad resistance which we have 
observed, as has Dr. Altemeiér. I would like to ask Dr Altemeier 
whether he has noted in the untypable strains which Ee reported 
anything similar to the monotypic staph epidemic which has oc- 
curred within our burn patients caused by Type 84 Staphylococ- 
cus, which has little sensitivity to methicillin, oxycillin ar nafcillin, 
and is most sensitive. to either gentamycin or cephalothin. 

I greatly enjoyed. Dr. Altemeier’s paper, which I feel has 
pointed out again the importance of ‘continuing bacterial sur- 
veillance and monitoring in the care of the badly injured surgical 
patient. 

Dr. Warum $. Buaxemore (Philadelphia): We. are again 
indebted to Dr. Altemeier and his group for his continual work 
in this feld in which he undoubtedly is the authority in surgery: 

We have been interested in trying to get individual hospital 
data on the flora and the presence of bacteria and żo do this, 
we have created a program for a computer in which a sur- 
veillance officer can double or perhaps even triple her efficiency 
in the fact that she is relieved from clerical duties. i 

In addition to this, we find that we can get the soectrum of 
bacteria that are -presently being isolated from inzections in 
patients in the hospital and done within a few day; after the 
period is closed, for instance en.a quarterly report er monthly 
report. 

We think that each hospital perhaps has some individual 
variations in the bacteria which prevalent in it and that with 
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the increased emphasis on the need for surveillance and as 
asked for by hospital accreditation committees, there is a need 
to do it more efficiently because most of the data we found were 
not utilized by the physicians because often they were very 
late and secondly there is very ‘often very little interest in it, 
and that it was not presented in a useable form. l 

So this might be one area in which a c@mputer program per- 
haps even a generation or two improvement on the ones we 
have now gone through two generations, will be helpful and 
that these should be perhaps a tool for the surveillance officer 
which is almost a necessity in hospital management today. 


Dr. W. A. ALTEMEER (Closing): Dr. Pruitt’s question about 
Providencia stuartii is a good one. There has been considerable 
variation in the gram negative bacteria of low’ virulence in dif- 
ferent localities, and we have only found three instances of bac- 
teremias associated with this organism to my knowledge. These 
were in relation to the epidemic of inféctions we had following 
continuous ‘intravenous therapy associated with thrombophlebitis. 

In reply to his second question about the exacerbation of 
staphylococcal infections and its relationship to Type 84 and 
85 of phage type Staphylococcus aureus, we are now currently 
finding an interesting number of phage type 84 and 85 in our 
staphylococcal population. | i 

We e pe an increase in the number of staphylococcal in- 
fections in the next 5 years and the incidence of resistance to 
again follow the pattern we have observed during the past 21 
years. | 
= Dr. Blakemore’s plan of computerization of data on the re- 
sistance and sensitivity patterns, and the changing types of 
bacterial infections is an excellent one. It has great practical 
value for clinicians practicing in that hospital because it gives 
them a readout at any point in time, not only as to the most 
probable organisms that are active in producing hospital ac- 
quired infections, but as to their current pattern of responsiveness 
to the antibiotics and this is of great help to the clinician in 
choosing antibiotic therapy until he gets back the specific report 
from the laboratory, the in vitro reports on that particular in- 
fection. 

A sharp rise im the antibiotic resistance of staphylococcal 
infections in the near future is expected, and there is already 
some evidence of this. In the second quarter of 1972; the per- 
centage of resistance in our staphylococcal population was six- 
tenths of one per cent. During the first quarter of 1973, however, 
this resistance’ has risen to 28% and there is evidence now that 
we are on the upswing again of another bout with our old 
adversary, the Staphylococcus aureus. 

Similar attempts were made to define and characterize any 
inherent changes developing in gram-negative bacteria which 
make a previously non-virulent organism become a highly invasive 
one with epidemic potential. ' 


Scintigraphic Demonstration of Experimental Abscesses with 
Intravenous “Ga Citrate end “Ga Labeled Blood Leukocytes 
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D EYSINE® has demonstrated in rabbits that autologous 
leukocytes radioactively labeled in vitro with 
5Cr accumulate sufficiently in an area of acute septic 
inflammation to allow scintigraphic demonstratior. of 
the involved site. This study, in rabbits, evaluates "Ga 
citrate as a labeling agent for use in radioisotope _mag- 
ing of abscesses. It quantitates the phenomena o? (a) 
in vivo abscess labeling and (b) in vivo leukozyte 
migration into septic tissues. Rabbits with abdo-rinal 
wall abscesses, 4 hours to 14 days in age, were 3-ven 
either intravenous °’Ga citrate or autologous peripheral 
blood leukocytes labeled in vitro with Ga citrate’. 
With each technic serial scanning was performec to 
evaluate the capability of scintigraphic demonstration 
of the septic area. The accumulation of radioactivity 
in the septic tissue was quantitated by tissue Licpsy 
and scintillation counting and compared with accumula- 
tion of activity in other organs and tissues—lung, liver, 
spleen, kidney, lymph node and non-septic abdoninal 
wall muscle. 
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Materials and Methods 


Experimental Animals. Female New Zealand white 
rabbits* weighing between 3 and 5 Kg. were used for 
all experiments. — 

Abscess Creation, Rabbits were anesthetizel with 
Innovar-Fentanyl 0.24 mg./ Kg. and . Droperidol, 1.2 
mg./Kg., IM. 

The abdominal wall hair was clipped and a one 
cm. incision was made in the left abdominal wall mid- 
way between the rib cage and the iliac crest. A 
number 10 gelatin capsule containing fresh rabbit 
feces was placed beneath the external oblique muscle. 
The incision was closed with interrupted catgut sutures 
in the muscle and subcutaneous tissue and a running 
silk suture in the skin. No rabbit failed to develop an 
abscess. In a control group of 10 rabbits there was no 
mortality at 15 days. Cultures of the abscesses showed 
E. coli in six of the animals and E. coli and K. pie 
monia in the remaining four. 

In Vitro Labeling of Autologous Blood Leukocytes 
and Peritoneal Leukocytes with “Ga Citrate, Rabbits 
were anesthetized and the right femoral vein was 
surgically isolated and cannulated with a 20-gatige 
cannula. Sixty ml. of blood were withdrawn into a 
plastic syringe containing heparin? (1 ml./20 ml. of 


blood, 1000 u/ml.), The blood was transferred to 50 


© Preservative free heparin courtesy of Medical Chemicals ' 
Corp., Melrose Park, IN. 
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ml. plastic tubes (Falcon, Oxnard, Calif.) im 30 ml. 
aliquots. Two hundred aCi °'Ga citrate (Ga citrate 
3.3 m Ci in 1.8 ml. pH 4.5-7.5, New England Nuclear, 


~ Boston, Mass.) per 10 ml, blood were added; ‘he mix- 


ture was incubated for 1 hour at 23 C. Following incu- 
bation the blood was centrifuged at 2000 G for 15 min- 
utes, The plasma was removed and discarded. This 
maneuver removed approximately 75% of the tctal *’Ga 
activity originally present in the blood. A vclume of 
normal saline equal to the volume of plasma -emoved 
was added to the red cells and buffy coat; the cells were 
resuspended by gentle mixing. 

Peritoneal leukocytes were obtained by saline ir- 
rigation of the peritoneal cavity. Each rabbit was given 
50 ml./Kg. normal saline IP. Twelve hours later an 
additional 50 ml./Kg. normal saline was injected IP. 
Two hours after the second infusion the peritoneal 
fluid was withdrawn into 50 ml. plastic syringes con- 
taining 50 units Na Heparin. The cells were collected 
by centrifugation, washed one time with media 
RPMI-1640 (Microbiological Ass., Bethesda, Mi.) con- 
taining one unit Na Heparin per ml., and labeled by 
incubating for 1 hour at 23 C with 100 Ci Ga citrate 
per 108 cells. The labeled cells were washed cnce and 
suspended in 5 ml. of media for intravenous injection. 
Differential cell counts showed approximately 90% 
polymorphonuclear leukocytes and 10% monozytes in 
the final cell suspensions. Trypan blue dye exclusion 
studies demonstrated that greater than 90% of the 
cells were viable. 

Infusion of Labeled Leukocytes. The mizture of 
labeled leukocytes, red blood cells, and saline or labeled 
peritoneal leukocytes was slowly infused through a 
standard blood filter (Fenwal Laboratory, Morton 
Grove, Ill.) into the exposed and cannulated femoral 
vein. The filter was washed with an additional 30 ml. 
of saline, the vein decannulated, and the skin incision 
closed with a running silk suture. 

Radioisotope Imaging. Test rabbits were scanned 
with a Dynapix System (Picker Nuclear, Whit2 Plains, 
N.Y.). All scans were performed with a 50% window 
and documented with a Polaroid picture of the 
completed scan. The scan speed and background 
syppression were varied; the optimum valu2s were 
determined for each rabbit. With serial scans cf a par- 
ticular test rabbit, or group of rabbits, the factors es- 
tablished for the first scan were maintained. 

Tissue Scintillation Counting, Each test rabbit was 


‘sacrificed with an intracardiac injection of 30 gr. Pen- 


tobarbital Sodium. Prior to injection 1-2 ml. whcle blood 
were obtained for scintillation counting, After death 
an autopsy was performed and specimens of a-dominal 
wall muscle, abscess wall, liver, spleen, mesenteric 
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lymph node, kidney, and lung were harvested. The 
tissues were weighed, placed in disposable glass tubes 
and counted in a Gamma Scintillation Detector (Pack- 
ard Instrument, Downers Grove, Ill.). The radioactivity 
of the tissue was expressed as coynts per minute 
per gram of tissue; for blood, the radioactivity was 
expressed as counts per minute per ml. of blood. 


Experimental Protocols 


1. Comparison of Tissue Distribution of Labeled Per- 
itoneal Leukocytes and Peripheral Blood Leukocytes 
24 Hours after IV Administration of Labeled Cells. 


Five days after abscesses were seeded in four rabbits 
peripkeral blood leukocytes were isolated from two of 
the rabbits and peritoneal leukocytes were isolated from 
the other two rabbits. The cells were labeled with ®Ga 
citrate and administered intravenously. Peripheral blood 
leukocytes were also isolated from two control rabbits 
without abscesses, labeled and injected intravenously. 
Twenty-four hours after labeled cell injection the 
animals were sacrificed. Their tissues were harvested 
and counted. 


2. Scintiscanning and S cintillation C ounting of Abscesses 
with Increasing Age of Abscess. 


Four hours, 1 day, 3 days, 5 days, 7 or 8 days, 10 or 
11 days, and 14 days following capsule placement 
in 32 rabbits, 1 to 4 rabbits were randomly selected 
and given either 100 uCi/Kg. Ga citrate IV via a 
marginal ear vein, or intravenous “Ga labeled blood 
leukocytes. Four hours and 24 hours after isotope or 
labeled cell injection scintiscanning was performed. 
The rabbits were sacrificed 24 hours after label in- 
jection and their tissues counted. 


3. Scintillation Counting of Abscesses with Increasing 
Interval after Isotope or Labeled Cell Injection. 


Five days after abscesses were seeded in 11 rabbits, 
they were given IV “Ga citrate, 100 »Ci/Kg., via a 
marginal ear vein; 10 other rabbits were given °Ga 
citrate labeled peripheral blood leukocytes IV. One to 
three rabbits from each group were sacrificed 10 min- 
utes, 30 minutes, 6 hours, 12 hours, 24 hours, and 48 
hours after administration of the isotope or labeled cells. 

4. Scintillation Counting of Abscesses with Increasing 

Doses of IV ®Ga Citrate. f 


Rabbits with 3-day old abscesses were randomly’ 
selected and pairs of rabbits were given increasing 
doses of “Ga citrate IV, 10 pCi/Kg., 25 p„Ci/Kg., 50 
pCi/Kg., 75 pCi/Kg., 100 pCi/Kg., and 200 »Ci/Kg.- 
Twenty-four hours later the rabbits were sacrificed. 
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Results 


Tissue Distribution of Labeled Peritoneal anc Pe- 
ripheral Blood Leukocytes. 


The relative agcumulation of radioactivity in one 2ram 
of normal muscle, abscess wall, lung, liver, and zaleen 
compared to the radioactivity in 1 ml: of blood fx: the 
three groups of rabbits is shown in: Figure 1. I. the 
control rabbits there was no selective concentraten of 
radioactivity in any of the tissues except spleen with a 
tissue to blood ratio of 1.4. The rabbits given lekeled 
peripheral blood leukocytes showed the same patt=n of 
distribution of radioactivity with concentration oz the 
label occurring only in the abscess wall (ratio oz 4.6) 
and to a normal degree in the spleen (ratio of 1.6). 
The rabbits given labeled peritoneal leukocytes d=non- 
strated a marked accumulation of radioactivity ix the 
lungs (ratio 10. 4), liver (ratio 8.2), and spleen (ratio 
19.2). 


Age of Abscess. 


With IV “Ga each abscess was demonstrable 3-<inti- 
graphically; the 24-hour scan was more definitive than 
the 4-hour scan (Fig. 2), With scintillation courting, 
each rabbit demonstrated a marked accumulation of 
radioactivity in the abscess wall compared to cther 
tissues. The greatest accumulation of radioactivity in 
thé abscess walls occurred in the 5-day old abs:-sses 
with older abscesses showing less activity than the 
5- day abscesses but more activity than the abse-sses 
of earlier age (Fig. 3). The ratio of radioactivity ir the 
two tissues was lowest, 22:1, for’ the 1-day old ab- 
scesses and maximal, 116:1, for the 5-day old ab- 
scesses. In the 5-day old abscesses the ratio œŒ ac- 
cumulated radioactivity in the abscess walls to tha ac- 
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„Fc. 1. Ratios of radioactivity in various tissues to radioaxivity 
“in 1 ml of blood 24 hours after IV administration of lszeled 
peripheral blood leukocytes or labeled peritoneal leukocyte: - 
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Fic. 2. Scintiscans of abdominal wall abscesses of various ages 24 
hours after IV administration of ®7Ga citrate. 


cumulated in other tissues, on a gram for gram basis, 
was 5.4 for liver, 4.1 for spleen, 12.3 for lung, 5.3 for 
lymph nodes and 9:7 for 1 ml. of blood (Fig. 4). 

Abscesses in the rabbits given “Ga labeléd autologous 
blood leukocvtes were not demonstrable scintigraphi- 
cally until they were at least 3 days old. The 24-hour 
scan again was more. definitive than the 4-hour scan 
(Fig. 5). With in. vitro labeled cells the greatest ac- 
cumulation of activity occurred in the 5-day old ab- 
scesses with =n abscess wall to normal muscle ratid of 
139:1 (Fig. 3). The ratios for other tissues were 5.7 for 
liver, 3.0 for spleen, 8.0 for lung, 3.1 for nodes and 
4.6 for 1 ml. of blood (Fig. 4). 


Interval after Isotope Injection. 

With IV ®Ga citrate the abscess walls progressively 
accumulated radioactivity reaching a maximum at 24 
hours with a ratio of 116:1 over background muscle 
( Fig. 6). At 48 hours the abscess walls had lost 22% 
of. this activity, 15% by decay, with the tissue ratio 
being reduced to 64:1, The background tissue, formal 
muscle, showed a slow loss of. activity as the isotope 
was excreted in the urine and feces. 

The abscesses in the. rabbits given labeled cells 
demonstrated a rapid and substantial increase in 
radioactivity for the first 12 hours, reaching a maximum 
ratio of 138:1 over control muscle at 24 hours (Fig. 6). 
At 48 hours the level of activity had fallen by 43%, 15%, 
by decay, with a reduction in the tissue activity ratio 
to 114:1: The background muscle tissue showed a 
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Fic. 3. Radioactivity in abscess wall of varying ages amd normal 
muscle 24 hours after IV administration of Ga citrate and 
67Ga labeled autologous blood leukocytes. 


CPM x 10°/Gm OF TISSUE 


slight increase in activity at % hour and then fell slowly 


over the next 48 hours. 


Dose of IV ®’Ga Citrate. 


The radioactivity in the abscess walls progressively 
increased with increasing doses up to 200 »Ci/Kg. (Fig. 
7). The background normal muscles showed ¥irtually 
no change in activity at 24 hours with the various 
doses. 


Discussion 


Previous attempts to scintigraphically demonstrate 
septic areas have been moderately successful Ariel? 
showed a significant accumulation of iodinated albumin 
in infected areas in dogs early in the inflammatory proc- 
ess when serum and edema fluid accumulate. Winkel- 
man! was successful in demonstrating abscesses with 
tCr labeled leukocytes obtained from blood; Deysine?® 
confirmed and improved the technic by eliminazing red 
blood cells from the labeled leukocytes by obtaining 
leukocytes from the peritoneal cavity of rabkits. Re- 
cently Savender,’ Ito,47 and Higasi® have reported 
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Fic. 5. Scintiscans of abdominal wall abscesses of various ages _ 
24 hours after IV administration of ®’Ga labeled autologous 
blood leukocytes. 
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Fic. 6. Radioactivity in 5-day-old abscess walls and rormal 
muscle at various times after IV administration of ®?’Ga trate, 
and ®7Ga labeled autologous blood leukocytes.. 


scintigraphic visualization of septic inflammatory roc- 
esses in humans utilizing intravenous "Ga citrate. 

The uptake of “Ga by cells is primarily an intracel- 
lular phenomenon; the isotope is bound within the cell 
cytoplasm to lysosomal like structures.*?° "Ga vitrate 
is superior to "Cr, which binds to cell membranes, as a 
radioactive: labeling agent for leukocytes, It procuces 

more radioactivity per leukocyte, labels red blood cells 
poorly, and the cells labeled by this isotope lose very 
‘ little of the label in the first 24 to 48 hours.? Additionally, 
_the ability, to label leukocytes in blood without washing 
the cells is advantageous. Isolation of leukocytes during 
the labeling process alters their migration pattern, 
„producing a greater accumulation of labeled cells in 
‘lung, liver, and spleen with a corresponding deczease 
in their accumulation in septic granulation tissue. 

The studies presented here demonstrate that either 
IV Ga citrate or IV in vitro labeled blood leukocytes, 
label an abscess wall sufficiently to allow scintig-ephic 
demonstration. “Ga citrate has been demonstrazed to 
label lymphocytes and polymorphonuclear leuko>ytes 
‘in vivo after its IV administration.? Presumably these 

` cells, concentrated in the abscess wall, were labeled 
by the *Ga citrate in the blood stream. The radio- 
activity was further augmented by blood, splenic or 
“lymph node leukocytes that became labeled ir- vivo 
. by circulating “Ga and then migrated to the area of 
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septic inflammation. This was indicated by the progres- 
sive increase in abscess wall radioactivity for the first 
24 hours and slower rate of loss of radioactivity in the 
abscess wall as compared to the abscesses labeled with 
in vitro labeled cells. Leukocytes labeled in vitro with 
°'Ga citrate and injected intravenously migrated to the 
area of septic inflammation and became progressively 
concetrated to produce a significant accumulation of 
radioactivity in the abscess wall. The maximal ac- 
cumulation occurred approximately 12 hours after in- 
jection of the labeled cells. 

Abscesses of all ages, 4 hours to 14 days, accumulated 
enough radioactivity to be visualized scintigraphically 
after injection of ®’Ga citrate. Maximum radioactivity 
accumulation and scintigraphic definition occurred in 
the 5-day-old abscesses, The radioactivity of the abscess 
walls was dose dependent, increasing progressively as 
the administered dose was increased to 200 »Ci/Kg. 
Radioactivity sufficient for scanning definition was re- 
producibly obtained with a dose of 100 »Ci/Kg. which 
is within the range of acceptable doses for human use. 

With ®’Ga labeled cells abscesses of 3 days duration 
were scintigraphically demonstrable. Leukocyte accu- 
mulation in an abscess was greatest at 5 days but large 
enough from 3 days to 14 days to allow accumulation 
of scintigraphically significant numbers of labeled leu- 
kocytes. 

Comparison of the two groups shows little difference 
in the capability of scintigraphic demonstration of an 
abscess by the third day, although the tissues of the 
abscess wall were three to ten times more radioactive 
in the IV “Ga group. This increased activity did not 
produce better scanning efficiency because the back- 
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Fic. 7. Radioactivity in 3-day-old abscess walls, upper curve, and 
normal muscle, lower curve, 24 hours after administration of in- 
creasing amounts of §’Ga citrate. 
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ground level of radioactivity—normal muscle and blood 
—were also approximatley ten times higher. However, 
the IV “Ga group was clearly superior in tke early 
abscess stage, 4 hours and 1 day, with good delineation 


of the abscess by scintiscanning whereas the abscess 


could not be visualized at these times in the labeled 
cell group. This finding may be explained by “he fact 


that Ga is bound to serum proteins’ as wel as to 


intracellular membranes. During the early stages of 


the inflammatory process, hyperemia and edema, the 
concentration of Ga in the infected area may be due 
to accumulation of serum labeled with ‘Ga in addition 
to the accumulation of “Ga labeled cells. By the third 
day, when cellular infiltration becomes significant, cells 
in the area can be labeled by circulating “Ga cr circu- 
lating labeled cells concentrate sufficiently in the inflam- 
matory area to allow scintigraphic visualization. 
Although there was no difference in the scanning 
efficiency in the two groups after the third day, the 
infused labeled cells produced greater abscess tissue 
to muscle wall radioactive ratios, with some as high as 


160:1. Another isotope with the same labelirg char- 


acteristics but a better scanning potential may make 
these differences exploitable. "Indium is now under 
investigation in our laboratory as a leukocyte labeling 
isotope. Preliminary studies indicate that if is an 
effective leukocyte labeling agent in humans. Hs scan- 
ning potential is greater because it is a better imaging 
agent, having a 170% photon yield per disintegrazion. 
Thesg technics allow visualization of septic inflam- 
matory tissue, but as with other methods significant 
label accumulates in the liver and spleen. For abscesses 
near to or in the liver, precise scintigraphic d=finition 
may require double scanning technics employing “Ga 
labeled cells and a standard 99MT, sulfur colloid liver 


scan.® 


Summary 


Intravenous Ga citrate, and intravenous ®’Ga citrate 
labeled autologous blood leukocytes produced sufficient 
radioactivity in abdominal wall abscesses in 69 rabbits 
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to allow scintigraphic demonstration. Both methods 
allowed visualization of abscesses that were 3 to 14 days 
old. IV Ga citrate, additionally, labeled abscesses 
beginning at 4 hours of age to a degree sufficient to 
allow delineation. Maximum accumylation of radio- 
activity and optimum: scintiscanning definition oc- 
curred in 5-day-old abscesses 24 hours after label 
injection. l 
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DISCUSSION 


Dr. Boyo W. Haynes, Jr. (Richmond): We have been in- 
terested in gallium scanning for about 8 months and it began 
with an interesting patient who had pain in the left hip. The 
pain had been present for about 10 days and came on following 
strenuous physical exertion. Orthopaedic workup did not help 
much. There was no obvious bony pathology, but he did have 
pain on extension of the hip. There were no physical signs to 
indicate abscess formation although marked fever and leukocytosis 
suggested that was the case. We submitted this patient t gallium 
Scanning and got a fascinating picture. This is the AP view and 
as you can see on the left side there is concentration of radio- 
isotope. Even more interesting was the lateral scan where the 


„2 
a 


concentration apparantly lay along the lateral spine in the region 
of psoas muscle. We thought that the patient might well have 
a psoas abscess and with this confirmatory evidence, operated 
upon him and in fact he did have a significant abscess which 
improved following drainage. k 
After this interesting experience, there have been about 16- 
surgical patients that have been examined by galium scanning 
and Dr. Melvin Fratkin in our Nuclear Medicine Division, was 
kind enough to loan me some information on these scans. so tha 
I might present today. ae 
A group of ten patients depicted here show thoracic and 
abdominal scannings. They were all positive and they were all 
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confirmed by surgical exploration. Three of them are of special 


interest in addition to the case just presented to you. In Case 3, 
the pelvic scan followed a ruptured appendicitis and in this 
instance, the abscess was a little higher than you can rea2k from 
below and a little difficult to discern from above. The locelmation 
of the isotope in the abscess wall was of significant help in 
directing the effort at surgical drainage. In Case 6, a patient 
with a subhepatic abscess, the scan was useful because +t was 
not entirely clear that this was the case. Although the liver does 
take up the isotope which interferes with the sharpness >f the 
localization, the scan was of definite usefulness. Case 9 was of 
interest because the patient presented with fever, pain, and a 
not easily discernible ischio-rectal abscess. 

I think that this technic has some usefulness for us par-icularly 
with regard to the hidden abdominal abscess where one :uspects 
that it may be present, but the additional evidence ofter makes 
the picture quite clear. 


Dr. Ggeorce L. Narpr (Boston): I can only confess tc a cer- 
tain amount of skepticism. 

After having explored a fair number of tummies with positive 
scans and found no metastases in the liver and after having 
looked for large abscesses delineated by lung-liver scan and 
finding they are not there, I have some reservations. 

I am also concerned that increasing reliance on a good many 
of these mechanical methods makes us perhaps a littl> less 
clinically astute, and I wonder how many of these could not 
have been taken care of anyway with a little more obs2rvation 
of the patient and without applying, with all due respect, ex- 
pensive, troublesome and perhaps somewhat hazardous technics. 

What I would have liked to have seen in the paper -s not 
normal tissues as controls, but how does this discriminate if the 
capsule is placed over an appendectomy wound. 

There are leukocytes and fibrin that accumulate afer our 
surgical procedures and that is the discriminatory technic we are 
after not an abscess versus normal, 


Dr. Tuomas K. Hunt (San Francisco): This may be a va_uable . 


technic. 

A number of years ago, we started some research di-ected 
toward detecting abscesses using radioactive iodine labeled al- 
bumin and certain types of iodinated antibiotics, Most of the 
substances we tried could be concentrated in abscessez or in 
wounds to a gradient of 20 parts per wound to 1 part in rormal 
tissue. We obtained scintiphotograms of about the qual ty that 
Dr. Burleson has shown. It seemed not to matter whether the 
dead space was infected or not. 

We have been able to detect some abscesses in facients. 
We have had our best luck with detecting parotid abscesses 
which, of course, are right on the surface, but we hevs had 
less good results in detecting deeper abscesses. 

I think everyone has to agree that there are times whan all 
methods, including clinical examination, fail to detect the akscess. 
We often must wait for it to express itself at a Jater dete than 
we would wish. I hope by studies like this using the partition 
of acceptable compounds, we can find a way to detect ceeper 
abscesses; and I think Dr. Burleson and his co-worke-s have 
taken a step. 

PresweNT Rxoaps: I would like to testify to having lost a 
patient with an abscess for lack of detecting it clinicaly, but 
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we had been palpating right over it for weeks without locating 
it and this method might have been of great use. 

In closing, I wonder if I could ask Dr. Burleson to mention 
the dosage factors which he has considered safe in the clinical 
protocol. 


Dr. Ricard L. Burreson (Closing): I wish to say to Dr. 
Nardi that I saare his skepticism and that is why we performed 
this tremendous protocol in rabbits, trying to determine the 
dynamics of the accumulation of labeled cells, whether these 
cells were labeled in vivo or in vitro to see if indeed this sort 
of technic would be possible. 

As a discriminatory assay in the control wounds in the rabbits 
there is virtually no accumulation of the labeled cells within the 
wound, as compared to normal muscle. 

As to the pcint that Dr. Hunt made; with smaller isotopes the 
accumulation of the isotope in the area of acute septic A 
tion is dependent upon the accumulation of edema fluid or serum 
in the area. This is effective in the first day or two of acute septic 
inflammation, but for an abscess that is 4, 5 or 6 days old or even 
a week or two old, there is very little accumulation of edema 
fluid and these subcellular isotopes then do not accumulate. 

When I locked at the accumulation of radioactivity in the 
pus as opposed to granulation tissue of the wall of the abscess 
at 5 days or 10 days, there was virtually no accumulation in 
the pus. These cells are accumulating. within the granulation 
tissue itself. 

The protocal was undertaken to contrast the two methods, 
simply the intravenous dose of 67-Ga or labeling the cells in vitro, 
to see if we could get a better discriminatory assay by labeling 
the leukocytes saetitically in vitro. 

I have tried the intravenous technic in about ten patients and 
have not had the success that Dr. Haynes has had. Most of our 
abscesses have been subphrenic and we have found a tremendous 
problem in the human which I did not see in the rabbit; in the 
human in the early stages, a large amount of the IV-Ga is ex- 
creted into the lumen of the bowel. It labels the cells within 
the wall of the bowel and then these cells and unbound isotope 
are excreted into the lumen of the bowel, which pretty well 
obliterates anything in the right and left upper quad#ants. For 
this reason, we have more or less now set up the protocol to 
evaluate the lebeled cells. 

The other reason for wanting to try the labeled cells is the 
point that Dr. Rhoads asked me to mention, the radiation dose 
of the technic. 

The portion of this ia which I did not show, the rela- 
tionship of dose of gallium to the ability to see the abscess, 
shows that at a dose of about a hundred microcuries per kilo- 
gram you get optimum labeling. 

With an adult this is about six millicuries of gallium which 
is a little over the range that is normally used for liver scans 
and it gets up into significant radiation. 

For use of the labeled cells, however, the amount of gallium 
actually administered is about one millicurie which is equivalent 
to about one rad of total body radiation which is less radiation 
than one gets when given a barium enema. 

With the labeled cells we consider that there is no question 
but that it is a safe technic. With the intravenous gallium, it is 
a significant amount of radioactivity. It is my belief that “we 
will do well to move ahead with the clinical protocol using in 
vitro labeled cells. 


Diagnose this unusual case in gastroenterology 


This case is presented as a medical education service by William H. Rorer, Inc. 


The problem: The patient is a 50-year-old mal2 who had a three-year history of 
flatulency, diarrhea, and night stools before he came for treatment. In the three 
months before we saw him, he had lost 15 pounds. 


The Case: This patient came to us with a comp!ste set of radiologic studies taken 
six days earlier, showing his upper gastrointesiinal tract, small bowel, and gall- 
bladder as normal. His physical exam proved normal. Barium and air contrast 
studies, however, revealed typical ulcerative cditis involving the rectum and the 
descending, sigmoid, and distal transverse sections of the colon. It also indicated 
in the mid-descending colon three polyps that microscopic slides showed to be 
pseudopolyps. Proctoscopy revealed friability, oleeding, ulceration, mucus,and 
edema. 


Based on this information, a diagnosis was made of chronic ulcerative colitis with 
probable multiple polyps of the descending colon. The patient was promptly 
admitted to the hospital for a subtotal colectomy and ileostomy, during which 
pathological findings reaffirmed the diagnosis. His postoperative course was 
uneventful. 


The usual procedure in these cases is to remove the rectum three to six months 
after the initial surgery, depending on how quicxly the patient recovers from the 
first stage. In this instance, the patient, a physician, felt so well he was reluctant 
to take time to return to the hospital, and he put eff the procs orp vectorhy year 
after year, in spite of our best efforts to per- 
suade him otherwise. He continued to feel fine 
for almest six years when suddenly he de- 
veloped an increase in the amount of blood 
and mucus discharged from the rectum. 
Physical examination, laboratory tests, and 
x-rays were normal; however, proctoscopy 
showed increased activity in the rectum. 


Your diagnosis, Doctor? 





On the following page, 
compare your diagnosis 
with that made by 

a well-known 


gastroenterologist 


One in aseries of case 
histories in gastroenterology 
presented by 

WILLIAM H. RORER, INC. 


Diagnosis of a 
problem in 
gastroenterology 


(case history on Receding page) 


Discussion: Cancer occurs in a much higher than normal percentage of patients 
who have had chronic ulcerative colitis for 10 years or longer and especially in 
those who first hac colitis when they were young. Statistics vary on this point, but 
in this clinic’s considerable experience with the disease, we have found that 
cancers occur ata younger age, grow faster, and metastasize earlier in ulcerative 
colitis cases. By tne time the disease is symptomatic, it is usually incurable. In 
this instance the patient was admitted to the hospital with an inflamed rectum to 
have the proctosicmoidectomy he had been delaying for so long. A Miles resec- 
tion was performed. Pathological examination revealed an adenocarcinoma in 
situ with invasion of the submucosa, but no invasion of blood vessels or of the 
48 lymph nodes fhat were examined. His postoperative course was again un- 
eventful, and he has been symptom-free for 3% years. 


Conclusion: Because the incidence of cancer in persons having chronic ul- 
cerative colitis is statistically great, it is imperative that the rectum be removed as 
early as possible es part of the general colectomy. The time for a total colectomy 
is before the patient's nutritional problems have caused deterioration and before 
the passage of tire has increased the odds for the development of malignancy. 





For effective antacid therapy 
in duodenal ulcer, 
depend on Maalox. 


Duodenal ulcer—a disease that continues to challenge and provoke clinician 
and investigator. There are many predisposing factors—some known, some 
not. But once an ulcer forms, therapy is oriented primarily toward reduging 
the patient's Gastric acidity. 


Of all antacids, Maalox has been preferred by patients and physicians through 
the years. For some very good reasons. It works fast, neutralizes effectively, 
and doesn't constipate. And its pleasant taste is a distinct advantage— 
especially when your patient's therapeutic regimen calls for long-term 

antacid therapy. 


After 23 years of dependable, successful use in treating many gastroentero- 
logic problems, it’s easy to see why Maalox is America’s number one antacid. 


Maalox® Suspension (12 fl. oz. and 5 fl. oz. 
[plastic bottle]) 


Maalox® No. 1 Tablets (0.4 Gm.)— 
ho sugar and low in sodium 


Maalox® No. 2 Tablets (0.8 Gm.)— 
the “chew” tablet with double antacid action 





® 
Maalox —ii- number one antacid 


(a balanced combination of magnesium and aluminum hydroxides) 


noger|| WILLIAM H. RORER, INC. 
= Fort Washington, Pa. 19034 





| adjunctive HELPS TO REMOVE. 


e Necrotic Tissue 
and Associated Odor ° 


therapy HELPS PREPARE 


for wound SSe 
debridement 





CLEANSE WOUND THOROUGHLY MOISTEN APPLY ENZYME APPLY MOIST DRESSING CHANGE DRESSINGS 
Thoroughly cleanse and Thoroughly moisten Apply a layer of TRAVASE Apply loose moist When changing dressing, 
irrigate wound area with wound area either Dintment. Assure intimate dressings (most gently wipe away the 
sodium chloride or water through tubbing, contact with necrotic important with dry dissolved material. 
solutions. Wound MUST showering, or wet soaks tissue and complete leathery eschar). Repeat the procedure, 

be cleansed of (e.g., sodium chloride or wound coverage. including application of 
antis@ptics or heavy- water solutions). TRAVASE Ointment, 


metal antibacterials. 


3 to 4 times per day for 
best results. 


Travase Ointment 
„x brand of Sutilains 





FLINT LABORATORIES 


DIVISION OF TRAVENOL LABORATORIES. INC. 
Deerfield, Illinois 60015 


Please see next page for prescribing information. 





Travase Ointment brand of Sutiains 





ulcers 
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Before treatment, necrotic matter coated the 


inner surfaces of this decubitus ulcer. 


After nine days of TRAVASE therapy, debridement 


TERRY V. CARLE, M.D., CLINICAL INSTRUCTOR, DEPT. OF PHYS. MED. & REHAB., 
CRAIG REHABILITATION HOSPITAL, UNIVERSITY OF COLORADO 





e 
ress. 


is nearly complete and granulation evident. 





burns 


DALE B. DUBIN, M.D., DIPLOMATE, 
AMERICAN BOARD OF PLASTIC SURGERY. TAMPA, FLORIDA 





Before treatment... 


48 hours following treatment with TRAVASE 
Ointment on right hand; left hand is control. 





Travase” Ointment 
(brand of Sutilains) 


indications: For wound debridement, TRA- 
VASE Ointment is indicated as an adjunct 
to established methods of wound care for 
biochemical debridement of the following 
lesions: 
Second and third degree burns, 
Decubitus ulcers, 
incisional, traumatic, and 

pyogenic wounds, 
Ulcers secondary to peripheral 

vascular disease. 


Contraindications: Application of TRAVASE 
Ointment is contraindicated in the following 
conditions: 


Wounds communicating with major body 
cavities, 

Wounds containing exposed major nerves 
or nervous tissue, 

Fungating neoplastic ulcers, 

Wounds in women of child-bearing 
potential—because of lack of laboratory 
evidence of effects of TRAVASE upon 
the developing fetus. 


Warning: Do not permit TRAVASE Ointment 
to come into contact with the eyes. If con- 
tact is made, immediately rinse with copious 
amounts of water, preferably sterile. 


Precautions: A moist environment is essen- 
tial to optimal activity of the enzyme. En- 
zyme activity may also be impaired by cer- 
tain agents (see package insert). Although 
there have been no reports of systemic 
allergic reaction in humans, studies have 
shown that there may be an antibody re- 
sponse in humans to absorbed enzyme 
material. 


Adverse Reactions: Consist of mild, tran- 
sient pain, paresthesias, bleeding and tran- 
sient dermatitis. Pain usually can be 
controlled by administration of mild anal- 
gesics. Side effects severe enough to warrant 
discontinuation of therapy occasionally 
have occurrec. 


lf bleeding or dermatitis occurs as a result 
of the applicaton of TRAVASE Ointment, 
therapy should be discontinued. No systemic 
toxicity has been observed as a result of the 
topical applicaton of TRAVASE Ointment. 


DOSAGE AND ADMINISTRATION: STRICT 
ADHERENCE TO THE FOLLOWING IS RE- 
QUIRED FOR EFFECTIVE RESULTS OF 
TREATMENT: 


1. Thoroughly cleanse and irrigate wound 
area with sodium chloride or water 
solutions. Wound MUST be cleansed of 
antiseptics or heavy-metal antibacterials 
which may denature enzyme or alter 
substrate characteristics (e.g., 
hexachlorophene, silver nitrate, 
benzalkonium chloride, nitrofurazone, 
etc.). 

2. Thoroughly moisten wound area either 
through tubbing, showering, or wet soaks 
(e.g. sodium chloride or water solutions). 

3. Apply TRAVASE Ointment in a thin layer 
assuring intimate contact with necrotic 
tissue and complete wound coverage 
extending V4 to Y2 inch beyond the area 
to be debrided. 

4. Apply loose wet dressings. 


5. Repeat entire procedure 3 to 4 times per 
day for best results. 


K FLINT LABORATORIES 


DIVISION OF TRAVENOL LABORATORIES, INC. 
Deerfield, Illinois 60015 








A 900-patient study* has demonstrated that 
bowel cleansing with a combination of Laxsil® and 
orange juice, unlike purging with harsh cathartics, 
results in ‘‘...anon-irritating watery stool... with- 
out electrolyte, protein or excessive fluid loss.” 

Evaluations of rectal smears taken from each 
of the 900 patients to determine evidence of mucosal 
trauma showed that 99% had a “good” to ‘‘excel- 
lent” response. The study showed that while the 
magnesium hydroxide component of Laxsil pro- 
vided gentle evacuation of solids, the inclusion of 
the simethicone in the formula overcame the visual 
distortion normally caused by entrapped gas. 
Simethicone also prevented adherence of stool par- 
ticles to the bowel wall, eliminating the need for 
cleansing enemas. 

For non-injurious evacuation of the G.I. tract, 
and to avoid visual distortion caused by entrapped 
gas and adhesion of stool particles to the bowel 
wall, Laxsil with orange juice is clearly an improved 
method of preparing the G.I. tract for roentgenog- 
raphy. , 
*Marks, M. M. and Mason, W. E.: Improved Methods of Preparing the 


Gastrointestinal Tract for Roentgenography. Abdominal Surgery; 14:17C 
Sept. 1972. j 


an improved method of 


evacuating stool and gas 





— 


Laxsil euie 


Each tablespoon (15 ml.) contains 1.25 gm. magnesium hydroxide 
N.F. and 100 mg. activated simethicone in a pleasantly flavored 





fe) liquid suspension, Available in® fl. oz. bottles. 


-intestinal absorption of protein. 
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When life 
hangs on protein intake... 


FreAmine is life-supportivež 
























mixed ina 1 to 1 ratio with 50% dextrose 
in water, FreAmine provides 6.25 a. of 
completely utilizable nitrogen and 
39 g. of protein equivalent per 
1,000 ml, plus 850 total non- 


protein calories. 


FreAmine is the most concentrated 
parenteral source of amino acids 
obtainable for the prevention 
and treatment of negative nitro- 
gen balance. It is a unique mix- 
ture of 8 essential and 7 non- 
essential amino acids, in 

pure crystalline form to in- 
sure immediate biologic 
availability without sig- 

nificant waste. 


FreAmine is furnished in a 
ready-to-mix kit containing 
everything necessary for 

\ basic hyperalimenta- 
tion, including 50% dex- 
trose in water. Find out 
more about how MeGaw 
puts it all together — with 
life-supporting I.V. nutrition 
in convenient kit form. 
Contact your McGaw repre- 


sentative or write for 


free brochure. 
McGaw puts it all together. 


FreAmine promotes 
anabolism and tissue 
synthesis even during 

extended periods of I.V. 
nutrition. Its formula 
is based on the two 

international protein 


standards. When 








* With adequate calories and 
other nutrieats, when oral 
alimentation is not feasible for 
pr@longed periods and/or 
there is impaired gastro- 
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Supports life with pure crystaline qano acics.\. prevents and treats negative nitrogen balance? 
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DESCRIPTION: Each 100 ml. contains: FreAmine Amino Acid 
Mixture", 8.5 g; Sodium Bisulfite, U.5.P., less than 0.10 g.; Water 
for Injection, U.S.P. q.s., pH adjusted with acetic acid (approxi- 
mately 20 mEq./1. Acetate). 
Appreximate concentration of amino acids (g./10¢ ml): 
Essen-ial Amino Acids: L-Isoleucine 0.59; t-Leucire 0.77; L-Lysine 
HCl 0.77; Methionine 0.45; t-Phenylalanine 0.48; t-Threonine 
0.34; --Tryptophan 0.13; 1-Valine 0.56. 
Nonessential Amino Acids: t-Alanine 0.60; -Arginine 0.31; 
L-Hiszidine 0.24; t-Proline 0.95; 1-Serine 0.50; Aminoacetic Acid 
(Glycine) 1.8; -Cysteine » HCI + HgO <10.02. Alpha amino nitro- 
gen greater than 80% of total nitrogen present. Concentration of 
Electrolytes (mEq-/1.): Sodium 10, Chloride 45. 
8.5% FreAmine Solution is a sterile, nonpyrogeric solution con- 
tainirg pure crystalline amino acids. A 500 ml. unit provides a 
total of 39 g. of protein equivalent and 6,25 g. of nitrogen. 
ACTIONS: 8.5% FreAmine Solution provides, in concertrated 
form, a physiological ratio of completely utilizable amino acids 
for protein synthesis. Used with concentrated carbohydrate solu- 
tions. e.g, 20 te 50% dextrose solutions, as a source of calories 
plus 2lectrolytes and vitamins, it provides total parenteral nutri- 
tien. 
INDICATIONS: As an adjunct in the prevention of nitrogen loss, 
or ir. the treatment of negative nitrogen balance in patients 
where: (1) oral alimentation is not feasible for prolonged parieds, 
and “2) there is impaired gastrointestinal absorption of protein. 
CONTRAINDICATIONS: 1. Anuria., 2. Hepatic coma. 
WAENINGS: Administration of amino acids to a patient with 
hepatic or renal insufficiency may result in a rise in blood am- 
mania or urea nitrogen. Rare instances of typically asymptomatic 
hyperammonemia have been reported in patients with no evi- 
denc2 of liver dysfunction receiving total parenteral nuiritien. 
Since it appears dose-related, and more likely to develop in in- 
fants on prolonged total parenteral nutrition, conservative doses 
of amino acids should be given and blood ammonia pericdically 
measured. If symptomatic hyperammonemia should develop, the 
nitregen-containing solution should be discontinued and the pa- 
tienf’s clinical status reevaluated. - 
The safe use of FreAmine in pregnant women has net been 
demonstrated. 
PRECAUTIONS: It is essential to provide adequate calories for 
utilization of amino acids. 
Hypertonic nutrient solutions should be administered through an 
indwelling intravenous catheter with the tip located in the supe- 
tior vena cava. 
HYPERALIMENTATION COMPLICATIONS: Potentially danger- 
ous complications can be minimized by adherence to a careful 
protocol by an experienced team of pharmacist, nurse, and physi- 
ciar. 
To prevent sepsis, rigid aseptic technique must be used in solu- 
tion preparation and catheter placement and care. 
The catheter dressing should be aseptically changed every 2-4 
days and wherever contamination is suspected. 
Cor-sult clinical literature for discussion of maragement cf sepsis 
during hyperalimentation. 
The following metabolic complications have been reported: meta- 
bolic acidosis, hypophosphatemia, alkalosis, hyperglycemia and 
glycosuria, osmotic diuresis and dehydration, rebound hypo- 
glycemia, elevated liver enzymes, and electrolyte imbalances. 
Frequent clinical evaluation and laboratory ceterminations are 
necessary to prevent or minimize these complications. 
@DVERSE REACTIONS: Rare instances of hypzrammonemia (see 
Warnings), and minor local reactions consisting of a warm sen- 
sation and erythema when FreAmine and hypertonic dextrose 
were administered by peripheral vein, have been reported. 
DOSAGE AND ADMINISTRATION: Recommended Dietary Al- 
lowances of protein are approximately 0.9 g. per kilogram of body 
weight for a healthy adult and 1.4 to 2.2 g. per kilogram for 
healthy growing infants and children.** Requirements ir. trauma 
or malnutrition may be substantially increased. During hyper- 
alimentation daily doses of approximately 1.0 to 1.5 g. per kilo- 
gram of body weight for adults and 2 to 3 g. per kilcgram of 
ody weight for infants are generally sufficient. 
Calorie-to-nitrogen ratios of at least 100 to 150 nonprotein cal- 
ori2s per pram of nitrogen have been recommended and may be 
provided by concentrated dextrose. 
Suficient vitamins, electrolytes, principally potassium, magne- 
sium, and phosphate, as well as sodium, calcium, and chloride, 
mest be given, Calcium and phosphate may be added to alternate 
infusate bottles to avoid precipitation, and sodium and potassium 
added as acetate or lactate salts to provide bicarbonate precursor. 
Serum electrolytes must be monitored frequently. 
In adults, hypertonic mixtures may be safely administered only 
by continuous infusion through a central venous catheter with 
the tip located in the vena cava. 500 mi. of 8.5% FreAmine Solu- 
tioan, appropriately mixed with dextrose, electrolytes, and vita- 
mins, is typically administered over an eight-hour period. Ad- 
ministration cate is governed by protein requirements and glu- 
cose tolerance, Advance dosage slowly with frequent determina- 
ticn of urine and blood sugar levels. 
Te prevent rebound hypoglycemia, 5% dextrose should be ad- 
ministered when hypertonic dextrose infusions are abruptly dis- 
continued, 
PEDIATRIC DOSAGE AND ADMINISTRATION: Small infants 
{up to 10 kg.” on total parenteral nutrition generally receive 2 to 
3 3. of protein, 160 calories, and 120 to 150 mil. of fluid per kg. of 
bedy weight per day, provided in a solution of approximately 
248% FreAmine in 20% dextrose. Advance dosage slowly with 
frequent monitoring. (See Warnings above) 
Large infants and children generally require 50 to 80 calories per 
kg. per day. : 
ROUTE: Intravenous, 
CAUTION: Federal (U.S.A.) law prohibits dispensing without 
prescription. 
HOW SUPPLIED: 8.5% FreAmine Solution is supplied sterile and 
nonpyrogenic in 500 ml, intravenous irfusion bottles. 
"Crystalline amino acid mixture, isolated and purified from edi- 
ble soybean hydrotysate or synthesized. 
**500 ml. of 8.5% FreAmine Solution contains 6.25 g. of nitro- 
gen, and the equivalent of 39 g. of protein. 
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ATLAS of 
GASTROINTESTINAL 
SURGERY 


KOMEI NAKAYAMA, M.D., Pro- 
fessor of Surgery, and Director 
of Institute of Gastroenterology, 
Tokyo Women's Medical College 


Here is an atlas of exceptional surgical merit 
and surpassing beauty from a’ distinguished 
Japanese surgeon. Dr. Nakayama presents, in 
vivid, step-by-step fashion the surgical methods 
that have won him international acclaim. 


The author is a pioneer and a world leader in 
the field of esophageal surgery. One-third of 
àis atlas is devoted to surgery of this type. It 
includes a description, in minute detail, of Dr. 
Nakayama’s reconstruction of the cervical esoph- 
agus using a revascularized seqment of the 
bowel. In the remaining two-thirds of the 
atlas you'll find operations on the rest of the 
gastrointestinal tract plus the gall bladder, bile 
duct, liver, pancreas, and spleen. 


Surgical indications, pre- and postoperative care, 
and complications are described along with the 
surgical techniques. A beautiful section of the 
atlas contains large photographs of, and in- 
structions for the use of, Dr. Nakayama’s in- 
struments for small vessel anastomosis. 


649 Pages 1500 INustrations 1969 $42.00 
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J. B. Lippincott Company 
East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 
Atlas of Gastrointestinal Surgery. ... . .$42.00 
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STATE ...........55..5..Zip CODE ....., 
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Surgical nutrition— 
a case history: 
bowel inflammation, surgery 


Management of medical-surgical problems fre- 
quently requires a multifacetec approach—each 
facet contributing to the patient’s outcome. The 
following case history demonstrates the allied 
roles of surgical management and sound nutri- 
tional support. 


The patient: A 22-year-old patent suffered four 
prolonged episodes of abdom nal cramps, fre- 
quent loose stools and weight loss because of 
Crohn’s disease of the ileum ard colon. Conser- 
vative management was unsuceessful. 


Surgical treatment: Subtotal colectomy, small 
bowel resection and ileosigmaoidostomy were 
performed as well as drainage of a pelvic ab- 
scess and drainage of an ischiorectal abscess. 
A few days later, the ileum pe-forated proximal 
to the anastomosis and was exteriorized as an 
ileostomy and mucous fistula. 


Postsurgical course: The incision became in- 


` fected. A colocutaneous fistula developed. Con- 
ventional feedings caused severe abdominal 


cramps, ileostomy output of 3 to 5 liters per day, 
and profuse drainage from tke mucous fistula. 
The wound showed no evidence of granulation. 


` The patient developed fever, hypotension and 


tachycardia. 


Nutritional management: Over a four year pe- 
riod the patient’s nutritional status had deteri- 
orated. The GI disorders and subsequent surgery 
caused substantial loss of weight, both fat and 
body cell mass. The patient experienced chronic 


| starvation and was unable to meet increased 


metabolic needs. The patient sould not be main- 
tained on conventional diets. 


After correction of hypovolemia, I.V. hyperali- 
mentation was started. This was replaced 13 
days later with tube feedings of a high nitrogen 
elemental diet (using a #8 nasogastric tube) 








| providing an average Of 355u Calories anu <4 
- grams of nitrogen per day for the next 60 days. 


Outcome: Good surgical results, as evidenced 


| by closure of the colocutaneous fistula and re- 
- duced ileostomy output, was supported through 


an improved nutritional state. The patient’s 
weight increased from 97 to 107’ pounds. The 
patient was discharged on a conventional low 


_ residue diet supplemented with a standard ele- 


mental diet. 


Nutrition to meet 
a challenge 


_ Vivonex High Nitrogen and Vivonex Standard 
_ provide balanced elemental nutrition with no 


indigestible matter. 


| Both consist entirely of the essential nutrients: 
_ pure amino acids, simple carbohydrates, vita- 


mins. minerals and a small amount of essential 
fat... all rapidly and completely absorbed in the 
upper small intestine. 


Both are free of whole protein, peptides and 


_ peptones...free of milk and milk by-products. 











Vivonex High Nitrogen is the only oral hyper- 


` alimentation. It helps restore positive nitrogen 
| balance; helps prevent protein wastage. 


Vivonex Standard is supplied in boxes containing six 
80-gram packets providing 1800 Calories, 5.88 grams 
of useable nitrogen (equivalent to 36.75 grams of use- 
able protein) and a full day’s balanced nutrition. It 


| is now available unflavored (may be flavored to each 


patient’s taste; ideal for tube feeding), and in the six 


original palatable flavors: Orange, Vanilla, Grape, 


Chocolate, Strawberry, Beef Broth. 


Vivonex High Nitrogen is supplied in boxes containing 
ten 80-gram packets of unflavored water-soluble pow- 
der providing 3000 Calories, 20 grams of useable 
nitrogen (equivalent to 125 grams of useable protein) 
and a full day’s balanced nutrition, including the 


| Recommended Daily Allowances of vitamins and 
| minerals. 


| Please note: Information on Vivonex usage and pre- 


cautions accompanies the product and should be re- 
viewed before use. 


Standazds for the new kind of nutrition 


VIVONEX STANDARD ~_. 


the originel chemically defined elemental standard food/soluble powder 


VIVONEX’ HIGH NITROGEN 


the only chemically defined elemental high nitrogen food/soluble powder 


® Originators of chemically defined diets 
Eaton Laboratories 
division of Morton-Norwich Products, Inc. 
Norwich, New York 13815 
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ind on... and on- 


For the patient with a terminal illness, PAIN past, 
present, and future can dominate his thoughts 
until it becomes almost an obsession. The more he 
is aware of the pain he is now experiencing, the 
more difficult it is to erase his memory of yester- 
day's pain, and to allay his fearful anticipation 

of tomorrow's pain. 


Surely the last thing this patient needs Is an 
analgesic containing caffeine to stimulate the 
senses and heighten pain awareness. A far more 
logical choice is Phenaphen with Codeine. The 
sensible formula provides 14 grain of phenobarbital 
to take the nervous ‘‘edge’”’ off, so the rest of the 
formula can help control the pain more effectively. 
Don't you agree, Doctor, that psychic distress 

is an important factor in most of your terminal 

and long-term convalescent patients? 


the analgesic formula that calms instead of caffeinates 


Phenaphen with Codeine No. 2, 3, or 4 contains: Phenobarbita 

(4 gr.), 16.2 mg. (warning: may be habit forming); Aspirin (2% gr 
162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Codeine phosphate, '⁄4 gr 
(No. 2), % gr. (No. 3) or 1 gr. (No. 4) (warning: may be habit forming) 


Indications: Provides relief in severer grades of pain, on low 
codeine dosage, with minimal possibility of side effects. Its use 
frequently makes unnecessary the use of addicting narcotics 
Contraindications: Hypersensitivity to any of the components 
Precautions: As with all phenacetin-containing products, excessive 
or prolonged use should be avoided. Side effects: Side effects 

are uncommon, although nausea, constipation and drowsiness 


may occur. Dosage: Phenaphen No. 2 and No. 3—1 ore capsules 
every 3 to 4 hours as needed; Phenaphen No. 4—1 capsule every 


3 to 4 hours as needed. For further details see product literature, 


(ill Phenaphen with Codeine is now classified in Schedule III 
Controlled Substances Act of 1970. Available on written or 


oral prescription and may be refilled 5 times within 6 montns, 
unless restricted by State law. 


A. H. Robins Company, Richmond, Va. A-H-ROBINS ~ 





for bronchopulmonary mucolysis 


new double-blind cross-over 
investigations* confirm: 


MUCOMYST ccetvvstene 
— HIGHLY EFFECTIVE 


ALINE HIGHLY 
INEFFECTIVE 





BRIEFLY... 
Acompilation of studies compared saline’ and Mucomyst’ ina total of 153 patients 


Diagnoses of stable chronic obstructive lung diseases included chronic asthmatic 
bronchitis, emphysema, and emphysema with bronchitis 


Eta | Investigation thoroughly covered the areas of safety, pulmonary function, soutum 
eee : volume and viscosity, subjective symptoms, and sputum cytology $ 


Detailed analysis of the results in one study with 24 patients demonstrated that 
four primary parameters of efficacy actually worsened with normal saline and 
all four significantly improved with 10% Mucomyst 





*Data on file, Medical Research Departmen, Mead Johnson Research Center, Evansville, Indiana. 
+Either alone or combined with isoproterenol. 





© 1973 MEAD JOHNSON & COMPANY * EVANSVILLE, INDIANA 47721 USA. 734004 








COUGH FREQUENCY SPUTUM VISCOSITY — 
at first decreased, then increased increased with saline...significantly 
with saline...consistently reduced thinner with Mucomyst 


with Mucomyst EXPIRATORY PHASE 
PROLONGATION 
a good index of airways obstruction— 
WHEEZE SEVERITY increased or remained unchanged 
increased with saline...s/gnificantly with saline...significantly reduced 
reduced with Mucomyst with Mucomyst 


One double-blind cross-over study wnich included analysis of 52 variables 
compared the effects of one week of normal saline therapy with the effects of one 
week of 10% Mucomyst in each of 24 patients. 


While large changes cannot be expected after one week's therapy in patients 
with stable chronic obstructive lung disease, of the variables that changed 
significantly with saline therapy, more worsened 
than improved. However, of the variables that 
changed significantly with Mucomyst, the 
great majority were improvements in the 
patients’ status. 


CONCLUSIONS 

e Mucomyst decreases sputum viscosity—saline at best effects no change 

e Mucomyst reduces frequency of cough and severity of wheezing — saline 
increases them 


e Mucomyst reduces the length of the expiratory phase —saline causes no change 
or increases it 


Therapeutic compatibility of Mucomyst with isoproterenol and other broncho- 
dilators has been demonstrated in double-blind controlled studies totaling 134 
patients. No untoward effects requir ng cessation of Mucomyst therapy were 
reported in these patients. 


MUCOMYST (ecervicystene) 


Indications: Mucomyst has been demonstrated to be clirically effective as adjuvant therapy in a wide range of conditions in which 
thick, viscous mucus is a problem, including: postoperative atelectasis and pneumonia; chronic bronchopulmonary disease (emphy- 
sema, chronic bronchitis, asthmatic bronchitis, and bronchiectasis); acute bronchopulmonary disease (pneumonia, bronchitis, and 
tracheobronchitis); tracheostomy care; facilitation of bronchial studies; maintenance of an open airway during anesthesia; and to help 
control pulmonary complications of cystic fibrosis. Contraindications: Mucomyst is contraindicated in those patientswho are sensitive to it. 
Warnings: After proper administration of acetylcysteme, an increased volume of liquefied bronchial secretions may occur. When cough is inadequate, the 
open airway must be maintained by mechanical suction if necessary When there is a large mechanical block due to foreign body or local accumulation, the 
airway should be cleared by endotracheal aspiration, wrth or withouè bronchoscopy. Asthmatics under treatment with Mucomyst should be watched carefully. If 
bronchospasm progresses, this medication should be immediately discontinued. Adverse Effects: Adverse effects have included stomatitis, nausea 
and rhinorrhea. Sensitivity and sensitization to Mucomyst rave been reported very rarely. A few susceptible patients, particularly asth- 
matics (see Warnings), may experience varying degrees of bronchospasm associated with the administration of nebulized acetylcysteine. 
Most patients with bronchospasm are quickly relieved by he use of a bronchodilator given by 


nebulization. Administration: Mucomyst may be administered by nebulization into a tent, Croup- 
ette, face mask, or mouthpiece, or by direct instillation. Mucomyst should not be placed directly into the Mez 
chamber of a heated (hot pot) nebulizer. Complete details on dosage, administration, and compatibility | | | 


are included in the package insert. Additional information may be obtained from Mead Johnson 
Laboratories. Supplied: Mucomyst” -10(acetylcysteine) a sterile 10% solution in vials of l1Oml.and30 LABORATORIES 
ml.: Mucomyst® (acetylcysteine) a sterile 20% solution in vials of 10 ml. and 30 ml. 
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collagenase 


CLINICAL 


PDARTS Indications: Santyl Ointment is indicated for debrid- 
ing dermal ulcers and severely burned areas. In other 
types of necrotic skin lesions reports on the use of 
Santyl Ointment have been limited to clinical observa- 
tions without controls. 


Contraindications: Application is contraindicated in 
patients who have shown local or systemic hypersen- 
Sitivity to Collagenase. 


Precautions: The enzyme's optimal pH range is 7 to 
8. Lower pH conditions have a definite adverse effect 
on the enzyme's activity, and appropriate precautions 
should be taken. 


The enzymatic activity is also adversely affected by 
detergents and hexachlorophene and heavy metal ions 
such as mercury and silver which are used in some 
antiseptics. When it is suspected such materials have 
been used, the site should be carefully cleansed by 
repeated washings with normal saline before Santyl 
Ointment is applied. Soaks containing metal ions or 
acidic solutions such as Burow’'s solution should be 
avoided because of the metal ion and low pH. Cleans- 


ing materials such as hydrogen peroxide or Dakin’s 
p RES F RVE a n d p ROT j- CT solution do not interfere with the activity of the enzyme. 
Debilitated patients should be closely monitored for 
systemic bacterial infections because of the theoreti- 


cal possibility that debriding enzymes may increase 


the risk of bacteremia. 
YOU R COPI ES OF The ointment should be confined to the area of the 


lesion in order to avoid the risk of irritation or macer- 
ation of normal skin. 


A slight erythema has been noted occasionally in the 

AN NALS of S U RG z RY surrounding tissue particularly when the enzyme oint- 
ment was not confined to the lesion. This can be read- 
ily controlled by protecting the healthy skin with a 
material such as Lassar’s paste. 


Since the enzyme is a protein, sensitization may de- 


Now, your journals can become a hand- velop with prolonged use although none has been 
some addition to your professional library. Adverse Reactions: Adverse reactions to Collagenase 


have not been noted when used as directed. 
Dosage & Administration: Santy!| Ointment should be 





These file boxes are designed and cus- e pra rA m re ee deae 
tom-made to keep your copies orderly, bicanecd witha yause pod DAI Ia cali, 
readily accessible and clean. ath den ee ee 


(2) Whenever infection is present, as evidenced by 
positive cultures, pus, inflammation or odor, it is de- 


Durable book-binder’s board covered sirable to use an appropriate topical antibacterial agent. 

š 5 Neomycin-Bacitracin-Polymyxin B (Neosporin) has 
with scuff-resistant washable | eathertex. been found compatible with Santyl Ointment. This 
š "i antibiotic should be applied to the lesion in powder 
Lettering embossed in 23-Karat gold leaf. form or solution prior to the application of Santyl 


Ointment. Should the infection not respond, therapy 
with Santyl Ointment should be discontinued until 
remission of the infection. 


(3) Santyl Ointment should be applied (using a wooden 
tongue depressor or spatula) directly to deep wounds, 
or, when dealing with shallow wounds, to a sterile 
gauze pad which is then applied to wound. The wound 
is covered with sterile gauze pad and secured with 
clear tape or Kling bandage. 


(4) Crosshatching thick eschar with a #11 blade is 
helpful. It is also desirable to remove as much loos- 
ened detritus as can be done readily with forceps and 
scissors. 


(5) All excess ointment should be removed each time 
dressing is changed. 


(6) Use of the ointment should be terminated when 
sufficient debridement of necrotic tissue has taken 
place. 


Overdose: Action of the enzyme may be stopped, 


should this be desired, by the application of Burow's 
solution U.S.P. (pH 3.6-4.4) to the lesion. 


Jesse Jones Box Corp. (since 1843) 
Dep’t. JBLA—Phila., Pa. 19141 


Gentlemen: Kindly send me: 
Reasonably priced, too. Only $4.25 ea. [| 
3 for $12.00 C] 6 for $22.00 f] 


C] Check enclosed (Make check payable to: 
Jesse Jones Box Corp., Box 5120, Phila., Pa. 





19141) How Supplied: Santy! Ointment contains 250 units of 
Collagenase enzyme per gram of white petrolatum 

U.S.P. The potency assay of Collagenase is based on 

Name the digestion of undenatured collagen (from bovine 
Achilles tendon) at pH 7.2 and 37° C. for 24 hours. 

Address The number of peptides cleaved are measured by 


reaction with ninhydrin. Peptides released by a tryp- 
sin digestion control are subtracted. One net Collage- 
nase unit will solubilize ninhydrin reactive material 
equivalent to 4 micromoles of Leucine. 





Shipped postpaid U.S. only 
Satisfaction unconditionally guaranteed 
or your money back. 


i Se ae ee, ee 


® Knoll Pharmaceutical Co. 
30 North Jefferson Road 
Whippany, New Jersey 07981 
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it may prove to be the drug 
of choice for wound 
debridement.” 


Varma A O et al: Surg. Gynec. Obstet, 136:281, 
Feb. 1973. 








To permit healing like this...you want to start like this. 











Santyl°(collagenase) for dermal ~ as 

ulcers and burns: ee. 

the first topical enzyme F. Artist's conception of decubitus ulcer 

> to attack | treat patients with dermal ulcers and burns, and | would like | 

native collagen, a substance that is 4 tO receive: a, AS 10/73 | 

ordinarily resistant to all common | [_] clinical reprints and scientific information on Santyl. —, | 

topical enzymes used in woundde I c] a free in-service training program on the use of Santyl. | 

bridement i 

” — » to dissolve | Name | 

the strands of tissue that “anchor” 1 | 

necrotic debris and burn eschar to l Nursing home or hospital affiliation | 

the wound surface 7 . 

» to effectively remove | Office address : 

the debris that hinders healing...with | _ | 
— | City State Zip code | 


simple, once-a-day application 


MixonevialofELASE 
powder with 50 to 
100 mi. of sodium chlo- 
ride solution and satu- 
rate strips of fine-mesh gauze 
with the ELASE/saline solution. 


ali 


\llow gauze to dry in contact 
vith the lesion (approximately six 

o eight hours). As the gauze dries, 
‘he necrotic tissues slough and 
»ecome attached to the gauze mesh. 









Pack the ulcerated area with 
the ELASE-saturated gauze 
strips...making sure the satu- 
rated gauze remains in contact 
with the necrotic substrate. (If the . 
lesion is covered with a heavy eschar, 1 
it must be removed surgically before 
wet-to-dry debridement is begun.) 


Remove dried gauze. This 
mechanically debrides the 
area. Repeat wet-to-dry 
procedure three to four 
times daily since frequent 
dressing changes greatly 
enhance results. 

Note: After two, three, or four 
days of ELASE wet-to-dry 
dressings (dependingon severity 
of lesion), the area becomes free 
of necrotic material and starts to cs 
fill in with granulation tissue. i7 
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(Fibrinolysin and des 





combined | bovine] ) 


INDICATIONS: Elase is indicated 
for topical debridement in general 
surgical wounds, ulcerative 
lesions, burns, circumcision and 
episiotomy, and in cervicitis and 
vaginitis. Elase is used as an irri- 
gating agent in infected wounds, 
otorhinolaryngologic wounds, and 
superficial hematomas (except 
when the hematoma is adjacent to 
or within adipose tissue). 


CONTRAINDICATIONS: Elase is 
contraindicated in individuals 
with a history of hypersensitivity 
reactions to any of the compo- 
nents. Elase is not recommended 
for parenteral use since the bovine 
fibrinolysin may be antigenic. 


PRECAUTIONS: The usual precau- 
tions against allergic reactions 
should be observed, particularly 
in persons with a history of sensi- 
tivity to materials of bovine origin 
or to mercury compounds. 

To be maximally effective, Elase 
solutions must be freshly pre- 
pared before use. The loss in 
activity is reduced by refrigera- 


PARKE-DAVIS 


tion; however, even when stored 
in a refrigerator, the solution 
should not be used 24 hours or 
mcre after reconstitution. 


ADVERSE REACTIONS: Side 
effects attributable to the enzymes 
have not been a problem at the 
dose and for the indications 
recommended. With higher con- 
centrations, local hyperemia may 
be a side effect. 


HOW SUPPLIED: Elase (powder) 
is supplied dried in 30-cc. rubber- 
diaphragm-capped vials contain- 
ing 25 units (Loomis) of fibrinolysin 
and 15,000 units (modified 
Crristensen method) of desoxyri- 
bonuclease with 0.1 mg. thimerosal 
(mercury derivative). 

Elase Ointment is supplied in 
30-Gm. tubes containing 30 units 
(Loomis) of fibrinolysin and 
20.000 units of desoxyribonu- 
clease with 0.12 mg. thimerosal 
and in 10-Gm. tubes containing 
10 units of fibrinolysin and 6,666 
units of desoxyribonuclease with 
0.04 mg. thimerosal. 


Parke. Davis & Company, Detroit, Michigan 48232 HF 
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ONE VIAL 


ELASE 


fRRINOLYSIN AND MSN 

RIBONUCLEASE, COMBINE 
(BOVINE) 

CAUTION —Federal iew prom 

dispensing without presergos 


Store af no warmer 
S0°c. (86°F.). 
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Edited by LLOYD M. NYHUS, M.D., The 
Warren H. Cole Professor and Head, De- 
partment of Surgery, The Abraham Lin- 
coln School of Medicine, The University 
of Illinois at the Medical Center; Surgeon- 
in-Chief, University of Illinois Hospital, 
Chicago. 


1973 432 pages, illus. $19.00 


The 1973 edition of SURGERY AN- 
NUAL meets the needs of all surgeons 
who must keep abreast of recent ad- 
vances, new techniques, and probable 
future trends in this rapidly changing 
specialty. Between its covers are 19 origi- 
nal monographs, contributed by a team 
of 34 noted authorities. Some of the im- 
portant topics covered include: the pos- 
sible viral etiology of human cancer, 
physiologic changes occurring after open- 
heart surgery, recent developments in 
pediatric surgery, radical and extended 
surgery for cancer, total replacement of 
the hip joint, and noninvasive methods 
of measuring myocardial contractility. 





Please send me on 30-day approval: 
C Nyhus, Surgery Annual: 1973 ($19.00) m390-54545-7 

[O Standing Order ($17.00) m390-54545-7 (The Standing 
Order insures delivery of new volumes immediately 
upon publication at $2 under the regular price.) 


[O Bill me. 


Name 


SURGERY ANNUAL: 1973 





C Check enclosed (publisher pays postage). 


CONTENTS 
The Immunology of Tumors—Martyn W. 
Burk, Charles F. McKhann. Possible Viral Eti- 
ology of Human Cancer—William F. Feller. 
Radical and Extended Surgery for Cancer— 
Eduardo Caceres. Parenteral Hyperalimenta- 
tion—Stanley J. Dudrick, Edward M. Cope- 
land. Recent Advances in Calcium Metabo- 
lism: Application to Medullary Carcinoma of 
the Thyroid and Hyperparathyroidism—Ea- 
win L. Kaplan. Parathyroidectomy and Renal 
Insufficilency—Richard E. Wilson. Hemosta- 
sis—Robert T. Breckenridge. Total Replace- 
ment of the Hip Joint—Lee H. Riley, Jr., 
James L. Hughes. Bronchoscopy in Adults 
Under Topical Anesthesia—/ohn E. Rayl. 
Gastrointestinal Endoscopy—George Berci, 
Leon Morgenstern, Joel Panish, J. Manny 
Shore. Thoracic Outlet Syndrome—Harold C. 
Urschel, Jr., Maruf A. Razzuk. Noninvasive 
Methods of Measuring Myocardial Contrac- 
tility—Sidney Levitsky, Frederick J. Merchant. 
Present Status of Coronary Artery Surgery— 
Robert J. Flemma, Alfred J. Tector, Derward 
Lepley, Jr. Physiologic Changes Occurring 
After Open-Heart Surgery—Benson B. Roe. 
Esophageal Strictures—H. F. Thomas, E. R. 
Woodward. Acute Pancreatitis—Marion C. 
Anderson, William R. Schiller. An Aggressive 
Roentgenologic and Surgical Approach to 
Acute Mesenteric Ischemia—Scott J. Boley, 
Seymour Sprayregen, Frank J. Veith, Stanley 
S. Siegelman. Recent Developments in Pedi- 
atric Surgery—John H. Fisher. Current Con- 
cepts Concerning Carcinoma of the Pros- 
tate—Donald G. Skinner. 
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You can be there .. . at the 1973 Clinical Con- 
gress of the American College of Surgeons... 
sitting in on key sessions . . . Panels, Sympo- 
siums, Post-graduate Courses... all through the 
medium of ACS/CLINITAPES — exclusive. au- 
thoritative sound recordings. 


Introduced in 1972, this new audio-cassete re- 
cording service of the American College o Sur- 
geons helps keep you informed and up-tc- date 
. .*. in the privacy of your office... car... or 
home. You hear actual programs from this year’s 
Spring Meeting and Clinical Congress... 
recorded live and reproduced in high quality cas- 
settes. You add to your personal program o" con- 
tinuing surgical education with ACS/Clin tapes 

. the way to stay aware of new developments 
and advances in surgery .. . information v tal to 
the busy professional. 


Find out more about ACS/CLINITAPES now... 
the only cassette program where you choose the 
titles. Mail the convenient coupon today. No 
obligation. 
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ro: ACS/Clinitapes 


55 EAST ERIE STREET èe CHICAGO, ILLINOIS 60611 


| am interested in more details on ACS/Clinitapes. Please 
send me, without obligation, information and current titles 
as soon as available. 


Name__ e : ee 
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SCALPEL ee 
SHARP: man 


THE ALL-PURPOSE 


DEKNATEL 
* | 


NEEDLE 


U.S. Patents 2,869,550 & 3,094,123 


Scalpel-sharp edge and jewel-like finish provide un- 
paral eled penetrating power ... superior control and 
stability for your every suturing need. 

e Leaves a taper point hole. 

e No cutting sides—won't cut in, cut out or 


cut laterally. 
e Faster, smoother closure with superior 


cosmetic results. 


For complete data and suture listings, please write: 


DEKNATEL, INC. © Queens Village, New York 11429 





Effect of Preoperative Neomycin-Erythromycin Intestinal 
Preparation on the Incidence of Infectious Complications 
Following Colon Surgery 


HE USE OF antimicrobial agents in routine elective 
T colon resection remains a highly controversial issue. 
Areas of debate include whether they should be used; 
which of them should be used; and how, wher, and for 
what length of time they should be administered.413.1*. 
25,26,29,32 Many regimens for preoperative colon prepara- 
tion have failed to suppress the anaerobic microflora of 
the colon.”°#1 Since anaerobes are the most prevalent 
members of the intestinal microflora, failure to control 
them may help explain the high incidence of wound 
infectiogs (10-20%) following elective colon resection, 
even where oral antibiotics are used.?:19:14.16 

We previously studied preoperative preparation in pa- 
tients who had no intestinal pathology and were under- 
going laparotomy for cholecystitis. Fcllowing a brief, 
low-dose combination of neomycin and ery-hromycin 
base, these patients showed suppression of both colonic 
aerobes and anaerobes.?? Our present study cf patients 
with intestinal pathology who were undergoirg elective 
colon resection was designed to determine wkether pre- 
operative preparation with neomvcin-erythromycin base 
results in a uniform suppression of the colonic microflora, 
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and whether this regimen of antibiotics can affect the 
incidence of postoperative wound complications. 


Methods—Part I 


Selection and Preparation of Patients 


The study group consisted of 20 patients who were 
consecutively admitted to the University of Illinois Hos- 
pital for elective colon resection, none of whom showed 
clinical evidence of large bowel obstruction to a degree 
that would interdict preoperative preparation. Each pa- 
tient was randomly assigned to one of two treatment 
groups. One group was given both mechanical and anti- 
biotic preoperative preparation (Table 1). The other 
group was prepared in an identical fashion, except that 
antibiotics were omitted. 

No patient received additional antibiotics either par- 
enterally or locally during the preoperative or intraop- 
erative period. The operation was performed in each 
case by residents and was supervised by attending sur- 
geons. The abdominal wound was closed primarily in 
all cases. Postoperative parenteral antibiotics *were ad- 
ministered to three patients who had received preoper- 
ative mechanical preparation alone only after clinical 
evidence of sepsis appeared and specimens had been ` 
sent for culture and sensitivity studies. An impartial ob- 
server who had no knowledge of which preoperative 
preparation was used determined the occurrence of 
postoperative wound infections. 
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TABLE 1. Neomycin-Erythromycin Base Colon Préparalom 

Low residue diet 5 

Bisacodyl, 1 capsule orally at 6 p.m. 

Continue low residue diet 

Magnesium sulfate, 30 ml. 50% solution (15 Gm3 rally 

at 10:00 a.m., 2 :00 p.i. and 6:00 p.m. 

Saline enemas in evening until return clear 

Clear liquid diet; supplemental IV fluids as needed. . 

Magnesium sulfate, in dose above, at 10:00 a.m and 
2:00 p,m 

No enemas 

Neomycin 1 Gm. p.o. at 1:00 p.m., 

Erythromycin base 1 Gm. ) 2:00 p.m. and 11:00 p.r. 

Operation scheduled at 8:00 a.m. 


Day 1: 


Day 2: 


Day 3: 


Day 4: 


Sample Collection 


During laparotomy a sample of colonic conten- was 
removed from each resected specimen using a syzinge. 
The specimens were transferred to aerobic and ara2ro- 
bic transport tubes by a physician trained in this tech- 
nic and processed in the research microbiologic ladora- 
tory within 30 minutes of collection. Following operation, 
cultures were obtained from infected sites using sirilar 
techiiics, taking care to collect samples from thé de=pest 
area of the wound. 


Microbiologic Technics 


Colonic aspirates were studied both quantitat-vely 
and qualitatively. € One ml. of each sample was thoroughly 
mixed in 9 ml: of Tryptic Soy Broth (Difco) and sericlly 
diluted tenfold. An aliquot of 0.1 ml. of each dilution 
was then spread over the surface of the following plates: 
blood-brain heart infusion agar (aerobic and anaerobiz); 
blood-brain heart infusion agar with 25 „g/ml. neomryzin 
(aerobic and anaerobic); BC agar (Schaedler), (<ero- 
bic and anaerobic); MacConkey agar; Staph 110 sgar; 
Mitis-Salivarius agar; Sabouraud-dexttose agar; and 
Nagler-neomycin agar (anaerobic). The anaerobic plazes 
were incubated for 72 hours in a ventéd jar, evactiated 
and filled with oxygen-free CO (10%) and hydrcgen 
(90%) in the presence of an active catalyst. Following 
operation, swabs from the infected sites were streaked 
onto pre-reduced blood-brain heart infusion agar wth 
and without neomycin for aerobic and anaerobic ineuta- 
tion. Vitamin K and menadione were added to these 
media. Infected material was also streaked: onto Nagler- 
neomycin agar and MacConkey agar. A swab was also 
inoculated under oxygen-free conditions into prere- 
duced chopped meat-glucose broth. The broth was sub- 
cultured on pre-reduced blood plates at 48 hours and 
again after 3 weeks. 

As a further chéck on the recovery of anaerobes, a 
gram-stained slide of the initial specimen was exen- 
ined to reveal the minimum number of morphotypes zo 
be recovered from the culture. Anaerobes were identi- 
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No. of Microorganisms (log ,, )/ml 
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fied on the basis of morphology, fermentation and bio- 
chemical reactions, and analysis of acid end-products 
by gas liquid chromatography,” Subcultures and trans- 
fers of the anaerobes were performed under oxygen-free 
conditions. 

The concentration of microorganisms is expressed as 
the logarithm to the base ten of the colony count per 
ml. of bowel content (e.g., 6.0 = 10° = 1,000,000). The 
lower limit of recovering microorganisms is 2 logs or 100 
organisms per ml. of intestinal content. 


Results—Part I 


The ten patients who received only vigorous mechan- 
ical preoperative preparation had a grossly clean colon 
at the time of operation. Cultures of colon aspirate in 
these patients produced luxuriant growth of both 
aerobes and anaerobes (Figs. 1 and 2). The mean con- 
centrations of aerobes and obligate anaerobes were simi- 
lar to those normally found in stool (Table 2). 

The patients prepared preoperatively with oral neo- 
mycin and erythromycin base in addition to mechanical 
cleansing showed suppression of aerobes and anaerobes 
in each case (Figs. 1 and 2). The mean value of each 
microbial species enumerated was less than 2 logs, the 
lower limit at which our methods detect growth (Table 
2). When these values are compared to those of the 
non-antibiotie prepared patients, the difference in total 
anaerobes, total aerobes, coliforms, streptococci, bacte- 
roides, and peptostreptococci was highly significant 
(p < 0.001), There was no evidence of overgsewth of 
staphylococci or fungi in either group. 

Clinical, and bacteriologic monitoring after operation 
revealed that three of ten patients who received the 
mechanical preparation alone devéloped wound sepsis; 
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M= Mechanical Preparation 
MA = Mechanical Preparation & Neomycin-Erythromycin Base 


Fic. 1. Effect of neomycin-erythromyeiii on the aerobic colonic 
microflora. Cultures showing no growth are below the limit of 
sensitivity of our bacteriologic methods and are indicatec in the 

shaded area (< 2 logs). l 
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Escherichia coli was isolated in two of the cases and 
Bacteroides fragilis in the third. There were no wound 
complications in the patients who received the combi- 
nation of neomycin-erythromycin base. 


Methods—Part H 


Selection and Preparation of Patients 


Part II is a retrospective review cf 98 colon resections, 
which were performed at the University of Ilicois Hos- 
pital and the West Side Veterans Administrat-on Hos- 
pital from July 1, 1970 to December 1, 1972 after com- 
pletion of the Part I study. In every case the operation 
was performed by a resident and supervised by an 
attending surgeon. The colon pathology was carcinoma 
in 70% of the patients, and diverticulitis, ulcerative 
colitis, granulomatous colitis, multiple polyps, or recur- 
rent sigmoid volvulus in the others. None of the cases 
were emergent; each was prepared for several dzys before 
the operation. None of these patients showed clinical 
evidence of obstruction. The patients’ ages rarged from 
20 to 92 years, with a mean of 58; males outnumbered 
females by a ratio of 3:1. 

No attempt was made to randomize or control the 
choice of preoperative colon preparation. Every patient 
received mechanical cleansing, and the decision to use 
preoperative antibiotics was delegated to the chief resi- 
dent. Sixty-nine patients also received neomrcin-eryth- 
romycin base, according to the regimen in Table 1. 
The regaining 29 patients were prepared in cther ways 
(Table 3). 

Types of colonic resection were similarly distributed 
between the group that received neomycin-erythromycin 
and the group that received other preparaticns (Table 
4). All colon anastomoses were performed using open 


TABLE 2. Effect af Preoperative Preparation on the Colonic Microflora 
in the Resected Segment (Logio mean + S.E. organisns/ml.) 


Group 1 G-oup 2 
Mechanical Mechanical 
preparation preparation 
and antibiotics 
Aerobes 
Coliforms 6.7+0.4 1.2+0.2t 
Streptococci 5.50.5 1.7+0.4f 
Lactobacilli 3.0+0.7 1.24+0.2 
Staphylococci Oy ae oe | 1.€+0.0* 
Fungi 2.1+0.4 2.7+0.4 
Anaerobes 
Bacteroides 8.7+0.2 1.2+0.2f 
Peptostreptococci 5.80.9 1.€+0.0f 
Bifidobacteria 3.61.1 1.6+40.0 
Fusobacteria 3.6+1.1 1.2+0.2 
Clostridia 2.4 40.4 1.9 =0.4 


* 1.0 + 0.0 is the value assigned for statistical calculations when 
no growth is detected. 
tp< 0.001 
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M = Mechanical Preparation 
MA = Mechanica! Preparation & Neomycin-Erythromycin Base 


Fic. 2. Effect of neomycin-erythromycin on the anaerobic colonic 
microflora. Cultures showing no growth are below the limit of 
sensitivity of our bacteriologic methods and are indicated in the 
shaded area (< 2 logs). 


technic. A wound infection was considered to be present 
if the wound spontaneously discharged purulent mate- 
rial, or if when opened on clinical grounds it contained 
purulent material. Any discharge from the wound dur- 
ing the postoperative period was collected and cultured 
using the technics described in Part I, thus assuring iso- 
lation of both aerobic and obligately anaerobic microor- 
ganisms. No cultures of the colonic content were taken 
at the operation, as was done in Part I. 


Results—Part II 


Table 3 records the various types of preoperative colon 
preparations and the occurrence of postoperative infec- 
tious wound complications with each type. In the group 
that received neomycin-erythromycin base, no wound 
sepsis was observed in 69 patients. Five infections de- 
veloped in the other 29 patients, a rate (17%) compar- 
able to that usually reported in elective colonic surgery. 
No surgeon had more than one wound infection, and no 
type of resection seemed more likely to result in infec- 
tious complications in this relatively small series. 

Obligate anaerobes were cultured from the infected 
wounds in four of the five septic patients. Bacteroides 


TABLE 3. Types of Preoperative Bowel Preparations and Related 
Infections 
Not of Wound 
Preoperative Preparation Number of Cases Infections 

Neomycin-Erythromycin base 69 0 
Mechanical preparation only 16 3 
Neomycin 8 1 
Neomycin-Sulfathalidine 2 1 
Kanamycin 2 0 
Kanamycin-Sulfathalidine 1 0 

98 5 


456 


TABLE 4. Types of Colonic Resections and Preoperative Prezovation 














(98 cases) 
a ee ee 
Neomycin- 
Erythromycin All other Preoperative 
Preparation Preparations 
Type of Resection No. % No. wi 
Anterior Resection 17 25% 8 23% 
Right hemicolectomy 18 26% 11 33% 
Left hemicolectomy 10 14% 5 {7o 
Subtotal colectomy 5 7% 2 e 
Abdominal-peritoneal 
resection 7 10% 1 3% 
Total colectomy- 
ileostomy 4 6% 2 1% 
Total colectomy- 
ileoproctostomy 4 6% 0 Ce 
Colotomy 4 6% 0 C% 
Totals 69 100% 29 100% 





was isolated in three patients, and peptostreptococci and 
clostridia were each isolated in one. Coliforms were also 
present in four of these patients (Table 5). There was 
no wound sepsis due to Staphylococcus aureus: this or- 
ganism accounted for approximately 2% of all postozar- 
ative wound infections in our two hospitals during the 
period of this study. 

Neither antibiotic solutions for local intraoperative 
peritoneal instillation nor wound irrigation was used in 
the 98 patients in this series. A variety of parenteral an- 
tibiotics was prescribed in the early postoperative period 
in 33 of the 98 patients (Table 6). Of the five patients 
who developed postoperative infection, three had rz- 
ceived parenteral antibiotics in addition to preoperative 
mechanical bowel cleansing. The agents that were used 
are listed in Table 7. It was impossible in this study to 
estimate the influence of postoperative parenteral amti- 
biotics on the incidence of wound infections. Neverthe- 
less, it should be stressed that among the 46 patiears 
(66%) who received oral preoperative neomycin-eryth- 
romycin base no other antibiotics were prescribed amd 
no wound complications were noted. 


TABLE 5. Infectiens Following Colon Resection 
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Discussion 


Postoperative sepsis following elective colon opera- 
tions usually is due to endogenous microorganisms es- 
caping from the bowel to contaminate adjacent tissues 
during the operation. Although the degree of contami- 
nation is minimized by strict adherence to principles of 
good surgical technic, microbial seeding may be unavoid- 
able. Complete sterilization of colonic content is prob- 
ably impossible; however, transient reduction cf endog- 
enous bacteria is possible and probably advantageous.?? 
Suppression of the luxuriant colonic flora must be maxi- 
mal at the time of operation, but it should be of brief 
duration thereafter in order to prevent overgrowth of 
resistant organisms. 

Antimicrobial agents should be selected as oral anti- 
septics only if they meet the requirements first proposed 
by Poth?s and later modified by Cohn. Essentially, they 
must be poorly absorbed from the gastrointestinal tract 
and have low local and systemic toxicity. We would also 
emphasize that the drugs chosen should be active 
against all elements of the colonic microflora, including 
aerobic and anaerobic microorganisms.?° We have stud- 
ied the effects of many intestinal antiseptics on the co- 
lonic microflora? Many commonly utilized antimicro- 
bial agents either singly or in combinations were unable 
to predictably suppress the anaerobic flora of the colon. 
Other investigators have confirmed this observation.?® 
The use of ineffective antibiotics for preoperative colon 
preparation may account for the high rate of postopera- 
tive infections observed following elective colofiic sur- 
gery. 

Obligately anaerobic bacteria, including bacteroides, 
peptostreptococci, bifidobacteria, and fusobacteria, 
rarely were reported as the cause of major surgical infec- 
tions in the past. Recent work has shown that these or- 
ganisms have very fastidious growth requirements, and 
this fact undoubtedly accounts for their absence from 
wound exudate studies in which only conventional bac- 
terilogic technics were employed. With modern anaerobic 
technics for both specimen collection and cultur- 


Types of Preoperative Infectious 
Patient .« Operation Prepacvaticn Complication Organisms Isolated 
i Right hemicolectomy Mechanica] Pelvic abscess E. coli, Bacteroides, Clostridia 
“2 Left hemicolectomy Mechanical Wound abscess E. col, Peptostreptococci 
3 Subtctal colectomy Neomycin Wound abscess Bacteroides 
4 ' Abdominal peritoneal resection Mechanical Wound abscess E. colt 
5 Subtotal colectomy Neomycin-Su fathalidine Wound abscess E. colt, Bacteroides 
*6 Anterior resection Mechanical Anastomatic leak Bacteroides 
+] Left hemicolectomy Mechanical Wound abscess E. coli 
*8 Right hemicolectomy Mechanical Wound abscess E. coli 


* Patients from Part I of Study 


ia 
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ing, increasingly frequent reports have implicated obli- 
gate anaerobes as an important cause of surgical sep- 
sis.1.680.36 Indeed, Herter has recently isolated bac- 
teroides in over 50% of wound infections that developed 
following colon operations. Schumer and colleagues’! 
isolated Bacteroides fragilis in 25% of patients with in- 
traabdomirial abscesses and in over 40% of patients 
with postoperative septicemia. Gorbach and associates”? 
have recovered strict anaerobes from 40 of 43 intra- 
abdominal infections. 

In the present study, the effect of preoperative me- 
chanical cleansing alone has been compared to mechan- 
ical cleansing together with preoperative administration 
of neomycin and erythromycin base. These antibiotics 
were chosen because of previous studies whica demon- 
strated that neomycin was effective in suppressing aer- 
obes, and that the combination of neomycin and eryth- 
romycin inhibited growth of colonic anaerobes more 
effectively than did any of the more commonl- used in- 
testinal antimicrobials.”* In our previous study, the anti- 
biotics were administered in low doses, a total cf 3 Gm. 
of each drug being given over the 19 hours immediately 
before operation. The purpose of this schedule was three- 
fold: 1) to deliver antimicrobials to the lower ileum and 
colon prior to and during operation; 2) to minimize the 
emergence of resistant microorganisms due to prolonged 
drug exposure; and 3) to reduce the expense and incon- 
venience to the patient. 

Mechanical cleansing removed gross stool in all pa- 
tients and facilitated the surgical procedure. After only 
mechanical cleansing, however, the residual colonic con- 
tent showed the same concentrations of both cerobic and 
anaerobic microorganisms as are normally found in 
stool.25 Clinical infections following only mechanical 
preparation were caused by aerobic E. coli and by vari- 
ous anaerobes, especially bacteroides. With the use of 
neomycin-erythromycin base preparation, clinical sepsis 
was absent from both the prospective (Part I) and the 
retrospective (Part II) studies. Although other investi- 
gators have reportéd overgrowth of resistant bacteria and 
fungi following preoperative antibiotic preparation,?° 
our results as well as those of Thieme and F_nk** do not 
indicate overgrowth. This effect was probably due to the 
short duration of antibiotic preparation. 

We did not investigate the efficacy of adding parenteral 
or local wound antibiotics to preoperative oral antisepsis. 
Reports in the stirgical literature disagree regarding this 
point.t>1418.35 Tn a series of elaborate iirvestigations, 
Burke showed that systemic antibiotics maximally sup- 
pressed infections only when administered before bacteria 
entered the tissues.” In animal experiments, he found 
that antibiotics given 3 hours after infection with Staphy- 
lococcus aureus had no effect on the primary site of sep- 
sis. This has been confirmed clinically by Fullen, Hunt 
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TABLE 6, Patients Receiving Parenteral Antibiotics in Addition to 
Preoperative Preparation 





No.of Received Parenteral 
Type of Preoperative Patients Antibiotics 
Preparation Prepared No. % 

Neomycin-Erythromycin base 69 23 33% 
Mechanical 16 6 38% 
Neomycin 8 3 38% 
Neoimycin-Sulfathalidine 2 1 50% 
Kanamycin 2 0 0% 
Kanamycin-Sulfathalidine i 0 0% 
Total 98 33 34% 


and Altemeier,4! who noted a significantly decreased 
postoperative infection rate in patients with penetrating 
abdominal trauma if broad-spectrum parenteral anti- 
biotics were begun prior to the operative incision. | 

Polk and Lopez-Mayor?’ in a well-planned, controlled 
study of the rate of infection following elective colorectal 

operations have reported a decrease from 30% to 7% 
with use of cephaloridine given intramuscularly on call 
to the operating room and repeated 5 and 12 hours after 
operation. Patients in this study received only mechani- 
cal preoperative cleansing of the intestine and no intra- 
operative antibiotic wound irrigation. Although cephalo- 
ridine usually fails to suppress anaerobes, no infection 
involving these organisms was reported in their study. 

The choice of parenteral antimicrobials in penetrating 
abdominal trauma is also critical. In a double-blind study, 
Thadepalli et al. recently showed that the use of clin- 
damycin—an effective drug against anaerobes—results 
n a reduction of intraabdominal abscess formation and 
septicemia when compared to cephalothin—an agent 
with poor activity against anaerobes. It should be noted 
that these studies concerned traumatic intestinal per- 
foration, a situation in which bowel preparations are not 
applicable. 

On the basis of our current study and previous reports 
in the literature, elective colon resection should be ap- 
proached with adequate preoperative mechanical and 
oral antibiotic preparation; the addition of routine sys- 
ternic antibictics appears to be an unwarranted and un- 
rewarding measure. 


TABLE 7. Parenteral Antibiotics in Colon Resection 





Antibiotics Prescribed No. of Patients 


Cephelothin-Kanamycin 
Ampicillin 
Clindamycin-Kanamycin 
Lincomycin-Kanamycin 
Penicillin-Kanamycin 
Penicilin-Streptomycin 


ma ma CN OO OO O 


Total 33 
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Antibiotic irrigation of the operative incision pricr to 
closure has been reported frequently in the pas: few 
years.*°4 In a study of patients with traumatic and 
spontaneous perforations of the gastrointestinal tract, 
Noon and colleagues’ reported that antibiotic wound 
irrigation prior to and during peritoneal closure resu ted 
in half the number of local wound infections as occurred 
after only saline irrigation. However, they found ne dif- 
ference between the rates of intraabdominal abscess Zor- 
mation in the two groups. Other studies of antikiotic 
wound irrigation in elective colon operations have re- 


ported similar results.31® The judicious use of Iccal 


wound irrigation with antibiotics that suppress both aero- 
bic and anaerobic intestinal microflora appears to hav2 a 
place in the treatment of emergent and elective intes- 
tinal problems. 


Summary 


Preoperative intestinal antibiotic preparation wth 
neomycin and erythromycin base in addition to thorouzh 
mechanical colon cleansing was compared with re- 
chanical cleansing alone in a prospective, randomized 
study of 20 patients. Vigorous mechanical cleansing 1e- 
moved gross feces but did not decrease the concenzra- 
tion of fecal microorganisms in the residual colonic coa- 
tent. Three of ten patients having only a mechan-cal 
preparation developed wound infections. The additior. >f 
neomycin and erythromycin base produced suppressicn 
of fecal bacteria. None of the ten patients receiving cral 
antibiotics developed a wound infection. 

Subsequently, 98 consecutive patients who had elze- 
tive colon operations are reviewed retrospectively in txs 
report. Five of 29 patients (17%) who received a variety 
of ineffective preoperative colon preparations developed 
wound infections. None of the 69 patients treated w-ta 
preoperative oral neomycin and erythromycin develop2d 
a wound infection. 
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Discussion 


Dr. Ormen H. Beaurs (Rochester): I appreciate the op- 
portunity to have read this paper prior to its resentation. 
Dr. Nichols and associates have done us a favor in reminding 
us once again that judicious use of antibiotics preoperatively in 
colonic surgery remains very important. 

In the. earlier part of the decade of the 1930’s the mortality 
associated with colonic surgery was 20% or higher. Later in the 
decade after introduction .of chemotherapeutic agerts and sub- 
sequently the antibiotics, mortality was reduced te 5% or less. 
The single factor that stands out as a basis for this more favorable 
experience is the availability of these drugs: Sulfonomides and 
antibiotics. 

This ®fact alone has prompted us to continue the use of 
antibiotics preoperatively for bowel preparation irespective of 
reports that their use exposes the patients to risks especially that 
of entero-colitis. We did not want to reduce the occurrence of 
one complication only to be faced with other and previous 
problems of equal or greater magnitude. 

Recognizing the etiology of entero-colitis, establishing the diag- 
nosis early and thanaging it judiciously when ic occurs has 
eliminated the risk or danger of this complication. 

In 1956 we began to use neomycin and oxytetracycline (Ter- 
ramycin) as suggested by Dearing for 36 hours >reoperatively 
for bowel preparation prior to colonie surgery. With mechanical 
preparation and these agents, an almost sterile colon content is 
obtained. 

Five hundred twenty cases have recently been reviewed. Eighty- 
three per cent received the standard preparation. In 17%, none 
or other drugs were used due to acuteness of the disease or 
sensitivities. l 

With the standard preparation the hospital mortality rate was 
1.5%; in the other group 4.7%. , i 
. Wound complications in patients receiving neoriycin and ter- 
ramycin was 2.5% while in those not receiving -hese drugs it 
was 10%. In the latter group, mortality was experienced in several 
cases secondary to the wotind complications. With the standard 
preparation 18 in 520 patients developed entero-colitis, all were 
treated. successfully without mortality and in only one case was 
hospitalization prolonged. 

Certainly many factors influence mortality, occucrence of com- 
plications and success of operation. It is our opinion that the 
preoperative and postoperative bowel managem=2nt both with 


ee and mechanical methods contributes to favorable re- 
sults, 


The authors in their study have shown that the use of neomycin 
and erythromycin preoperatively essentially eliminates wound in- 
fections, a serious complication which leads to morbidity and 
mortality when it occurs. 

In this day and age with a wide variety of antibiotics and 
chemotherapeutic agents available, the surgeon has the opportu- 
nity and obligation to offer the patient safety in colonic surgery 
by judicious us of these drugs. Lack of their use leads to 
complications which can be prevented. 

I would like to ask the authors if they encountered any oc- 
currence of entero-colitis or other unfavorable complication due 
to the use of antiobiotics and whether they encouraged early oral 
food intake so that intestinal flora is restored. 


Dr. Wiutiam A. ÅLTEMEIER (Cincinnati): I have enjoyed 
the opportunity of reading this paper before the meeting and 
compliment the authors on their careful work and their evalua- 
tion of the data. . 

There are several points which I want to emphasize, however. 
In the five-university hospital ultraviolet study, the incidence of 
infection for cecostomy and colostomy was 19.3%, colectomy 
with anastomosis 10.3%, and abdominal perineal resection 11.6% 
regardless of the type of bowel preparation or antibiotic therapy. 
(Slide) 

For many years I have not used antibiotic bowel preparation, 
but have relied instead on the intravenous administration of 
penicillin and tetracycline as the factor of antibiotic protection 
for the patient, particularly in penetrating wounds of the ab- 
domen and have insisted that this be administered preoperatively 
so that at the time the excision was made there was an antibiotic 
preparation bathing the tissues of the wound. The intravenous 
antibiotic administration has been continued intra- and post- 
operatively. 

There are multiple studies by others, including Dr’ John Burke, 
that substantiate the effectiveness of intravenous antibiotic 
therapy administered before operation in patients with contami- 
nated wounds of various types. , 

In penetrating wounds of the abdomen in which there is 
no opportunity for preoperative bowel preparation of any type, 
our wound infection rate has only been 3% when the antibiotic 
is administered as part of the resuscitation preoperatively. When 
it has not been given until intra-operatively, the rate has jumped 
to 15%. If it has not been given until after the operation, the 
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rate has jumped to 27%, again ane the importaxce of 
using intravenous antibiotic therapy before operation. (Slidə 

We have done several double-blind studies in patients asing 
neomycin ‘and various other antibiotic bowel preparations in which 
we have documented by careful cultures the presence of s:ephy- 
lococci in the bowel pre-antibiotic therapy, preoperatively. and 
in the stool postoperatively showing that there is a marks] in- 
crease in the staphylococci that emerged during and as a esult 
presumably of the neomycin therapy. (Slide) 

Of particular interest has been the fact that the majoriiy of 
these staphylococci are the UC-18 phage type variety. 

When operative and postoperative antibiotics are given iatra- 
venously with mechanical preparations, much fewer staphylceocci 
have emerged ‘in the stool. Of particular interest has beea- the 
fact that none of the UC-18 variety have emerged without the 
neomycin therapy. (Slide) 

The next two slides summarize the results of one of these 
studies. The infections which we found in 115 consecutive cases 
of colon resections of various types were 10 in number, ax in- 
cidence of 8.7%. In each instance but one, the infection: oc- 
curred in those cases that had preoperative bowel preparcion 
with neomycin and Sulfasuxadine. As you note, the UL18 
Staphylococcus aureus was the infecting organism in six of -bese 
patients. (Slide) Four of them, however, had other types of 
infections which were not apparently related to the type ol the 
bowel preparation. 

I think that this is still a controversial matter. I have ~ot 
used oral antibiotic bowel preparations since 1958 but ely 
instead upon mechanical cleansing and intravenous antibic tic 
therapy which has been highly successful in my hands. Ay 
residents use it also, and we think the key to the matter is whetner 
or not you use the intravenous antibiotic therapy and start it 
preoperatively. 


Dr. Ispore Coun Jr. (New Orleans): Dr. Nichols opa=d 
his presentation with the statement that this was a highly ccn- 
troversial subject and the two discussers who have preceded me 
have certainly demonstrated the validity of that statement! 

I suspect that if we can convince some of the younger mem- 
bers of this organization and the people they are training žo 
get interested in this field with an unbiased viewpoint, we m-y 
some day come to a real answer to the value of preoperati~e 
intestinal antisepsis for elective colon surgery. 

Obviously I believe, as does Dr. Beahrs, that it is extrenr=y 
worthwhile, but it is equally obvious that there are a numDer 
of people in this room who do not agree. Unfortunately, most 
of us have feelings based upon emotion rather than solid fact 

If we can some day establish a prospective randomized stucy 
that is carefully done, we may get some solid information, fat 
as hopefully we are now putting to rest some of our emotice- 
based ideas about the treatment of carcinoma oi the breast. 

I certainly agree with Dr. Nichols that mechanical prepare 
tion of the bowel alone is not adequate to control the bacter‘el 
flora of the colon. 

I also agree with him, as we reported about 1957, the 
erythromycin and neomycin is a very fine combination for th= 
bacteriological control of the colonic flora. = 

On the other hand, we reported then, and still believe, tha: 
this is not a good combination to use for the routine preparaticx 
of the large* bowel for the simple reason that it contains erv 
thromycin. This reduces our options for anti-staphylococcal a> 
tivity that we like to have if we do get into trouble. 

We have had a very limited experience with staphylococca 
‘enterocolitis and I hope it remains limited. For those places thet 
have it and for those people who are afraid of this complice- 
tion, it is nice to have in reserve a drug that will be effective. 
If one uses an anti-staphylococcal drug for routine preparation. 
as for example the neomycin-erythremycin combination, then on= 
may be in trouble. 
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Finally, I would like to say that I think their original study 
of ten patients, randomized with and without antibiotics is a 
good size study to find out the value of any drug in terms of 
its bacteriological control of the colon. 

On the other hand, I think a randomized study of ten patients 
or a hundred patients is not an adequate size series to determine 
the control of infection in colonic surgery. 

Dr. Beahrs indicated his study evaluated some 500 patients. 
We evaluated, in a partially prospective study, about a thousand 
patients. It takes a series of this size. | 

If you are looking for the complications that follow large 
bowel surgery, you cannot in good conscience compare an elective 
resection of the right colon for a non-obstructive carcinoma with 
emergency surgery of any kind on the left side of a patient 
who has diverticulitis. Therefore, you need a very large series 
of patients in which to find out the real value- of antibiotics 
by comparing similar cases. . 

My own persanal bias is quite obviously that antibiotics do 
help and I think they should be used. 

But, I think the only way we are going to convince American 
surgery and wor.d surgery about the value of whatever anti- 
biotics we choose, is by carefully controlled, prospective ran- 
domized studies. Sooner or later we must make up our minds 
to do just such a study. 


Dr. Freperntc Herter (New York City): I think there’s no 
need to elaborate on the potential importance on this type of 
study. I was deeply disturbed to find in an analysis of wound 
infections following 350 open operations on the colon done in 
our institution in 1970 that we had 46 postoperative infections 
for an incidence of 13.1 per cent. I hardly need say more! 

Of particularly interest in our review, however, was the analy- 
sis of the organism cultured from the wounds. Next to E. coli, 
bacteroides was the most common offender and found in 57% of 
infected wounds. This substantiates the emphasis placed in Dr. 
Nichols’ study on the importance of this anaerobe and one won- 
ders (I would particularly like to get Dr.. Nichols’ opinion on 
this) whether the recent reported increase in the appeasance of 
bacteroides is due to better diagnostic bacteriologic technic 
(for this is an organism that is difficult to grow), or whether it 
represents a true and perhaps cyclical emergence of this species. 
I would favor the latter possibility. 

It was not long ego, and this was alluded to twice by Dr. 
Altemeier this morning—that the on ae tay type UC-18) was 
being held responsible for the almost epidemic occurrence of 
staph.enterocolitis. 

Somehow through mechanisms not clearly known and under- 
stood this pathogeric strain has virtually disappeared from the 
scene and we have not had a single case of staphylococcal entero- 
colitis in our adult and pediatric population for the past 6 years. 

Clearly, however, we must remain aware of the possibility that 
agents used today for bowel sterilization may be inappropriate 
tomorrow, depending on the cyclical nature ofthe bacteria popu- 
lation. 

Regardless of its nature of the increase in bacteroides, infections 
appear to be real. Dr. Nichols has presented evidence that the 
combination of neomycin and erythromycin is more effective than 
any single agent in apane effectively both the aerobic and 
anaerobic population. This work, as Dr. Cohn has said, is not 
new; Dr. Cohn studied this combination carefully some years ago. 

Moreover, Dr. Nichols has suggestive evidence (and I would 
agree with Dr. Cohn that the word “suggestive” is appropriate 
because the numbers in this prospective study are clearly too small 
for statistical analysis) that wound infection rates are lower after 
colon operations using this combination. 

We have arrived <t similar conclusions with regard to combi- 
nation therapy. Neomycin or kanamycin alone are inadequate 
protection against the anaerobes and we have suggested the addi- 
tion of Sulfathalidine or bacitracin, as have many others, when 
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antibiotic intestinal preparation appears necessary. I :hould n 
parenthetically that we do not use preoperative antibiotics in 
instances, reserving it primarily for anastomoses thaf are done 
extraperitonzally and for partially obstructive cases in which 
mechanical preparation appears to be inadequate. 

The apparent superiority of Clindamicin to any of these agents 
in bacteroides control makes me wonder also whether this anti- 
biotic in combination with neomycin might not be as effective 
or even more so than the neomycin-erthyromycin peir- A non- 
absorbable form of Clindamicin, to my knowledge, is not avail- 
able now, but I know it is in a stage of development. 


Finally, this study has demonstrated that it is not recessary to 
carry out a 72-hour preop.intestinal antibiotic preparaton. In fact, 
the authors suggest that it may be a disadvantage to dc so because 
of the possible development of resistant organisms, and that a 
17-hour three dose regimen is adequate. 

We have been using the 36-hour prep, but in view of this data, 
the lower dose shorter antibiotic preparation may well be superior. 


Again, I wish to commend the authors on this important study 
and I should be very much interested in further repo-ts involving 
a larger number of patients. 

Dr. Ruzerr B. TunnBuLL, Jr. (Cleveland): A visit to the 
laboratories of Dr. Nichols and the publications of Dr. Condon 
and Dr. Nichols and others associated with him, ccnvinced me 
that their preparation had something more to offer than the prep- 
aration we had previously used for intestinal surgery. 


It was a short antibiotic preparation given over a period of 
only 19 hours and their bacteriologic studies appeared to show 
that it was very effective against both aerobic ard anaerobic 
organisms particularly bacteroides. We had been u-ing a kana- 
mycin preparation over a period of many years. 


We were recently alarmed to find a pilot proj2ct study of 
kanamycin that revealed subclinical crag to the eighth nerve 
in patients having this preparation as a bowel pre>. in inflam- 
matory disease. 


This pilot study has not been published yet. We intend to re- 

eat it after Dr. Peter Wilk, who did the study, comes back to us 
a Mount Sinai Hospital in New York City. I hed written to 
Dr. Isidore Cohn concerning the mucosal ulceratous colitis pa- 
tients who had absorbed kanamycin. Audiometric studies showed 
that there was damage to the 8th nerve, therefore, we were ready 
to change our antibiotic preparation to that advozated by the 
authors. 


We cannot all do systematic laboratory bacterological studies 
and have factual evidence to present to because, as you know and 
as you will see in the paper, it is very extensive. These studies 
are very expensive as well and we must necessarily rely on re- 
searchers such as yourselves to direct us in our preparation of 
the bowel. 


The type of patient we treat is quite different fom ones pre- 
sented in this study. Four-fifths of my patients anc those of my 
associate, have already been operated on once oz more times. 
They have cecal fistulae, abscesses, discharges, purulent fecal or 
otherwise and nearby fecal fistulas, colostomies and ileostomies 
and chronically infected unhealed wounds to deal w-th at the time 
of prepazation. 

*Since knowing about this preparation and after my visit with 
Dr. Nykus last winter we operated upon 180-ples complicated 
patients of this type. We can not compare wound inzection rates 
with the ones presented by the authors because w2 do not close 
wounds primarily and therefore do not expect tc have wound 
infection. 


The patients are all closed with steel wire, skin sutures are 
placed but skin closure was not carried out until the tenth post- 
operative day. 

Because of this wound method, we have nothing to compare 
with Dr. Nichols study. 


I found, however, that in a great number of patients this short 
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antibiotic preparation was well tolerated, I do not recall that there 
was nausea, vomiting or objection to taking these two drugs over 
this period of time, that is one o'clock, two o'clock and eleven 
p.m. the night before operation. There were no gastrointestinal 
upsets Toa and there were no superinfections and cer- 
tainly there was no staphylococcal enteritis in any of these cases, 
nor have we seen any for some years now. 


In summary, I would like to congratulate the authors on pre- 
senting to us a short-term bacteriologically suitable antibiotic 
preparation. I hope that the authors will continue their systematic 
studies as a further guide to those of us doing intestinal surgery. 


Dr. R. Camercn Harrison (Vancouver): There has been very 
little said, following this interesting paper about anastomotic leak- 
age. We have been studying the pathogenesis of colonic and 
anastomotic leakage for some years. 


In dogs, we have used the technique described by Mark Ravitch 
in which the anastomosis is covered with a thin silastic or plastic 
membrane to prevent protective adhesions and raise the actual 
leak zate to permit statistical evaluation. 

I, personally, have not been sufficiently impressed by the data 
to use large bowel antibiotics clinically, so I was extremely sur- 
prised when Drs. Letwin and Cohn who are doing this study, 
found that with the sulpha and neomycin large bowel prepara- 
tion preoperatively, the anastomotic leak rate under these experi- 
mental conditions was halved almost irrespective of what technic 
or suture was used. 


Dr. Ropert E. Convon (Closing): The discussants have raised 
a number of issues and I am not going to be able to respond to 
every one, but I will try to answer in order at least the more 
majer questions asked of us. 

Dr. Altemeier indicated that he uses systemic preoperative 
antibiotic preparation in patients who have penetrating wounds 
and similar complicated situations in which an elective preopera- 
tive bowel preparation cannot be carried out. We certainly agree 
with that. 

I think we would differ when an elective opportunity exists. 
Which method of preparation should be used? Our present pref- 
erence is to use oral antibiotic preparation of the colon lumen 
only and reserve more generalized systemic treatment for those 
situations in which complications develop. 

Cne of Dr. Altemeier’s slides indicated that following neomycin 
preparation, there was overgrowth of staphylococci and I think 
that is to be expected when any aminoglycoside antibiotic is used 
alone, Certain strains of staphylococci are resistant to this group 
of antibiotics. We have not seen, however, overgrowth of 
staphylococci when a combination of antibiotics, including an 
aminoglycoside and either an erythromycin or a lincomycin group 
drug was used. 

I think part of the answer to the staphylococcal problem, and 
indzed to the development of resistance of all groups of fecal 
organisms, relates to both the dose of antibiotics used, the type 
of antibiotics used and the time over which they are given. 

Fecal bacteria have an enormous capacity to develop resistance 
to any antibiotic. It is a question of time of exposure. They must 
be hit hard at the beginning, to knock them out before they 
acquire resistance to whatever drug you are using. 

Dr. Cohn indicated that we are in need of a controlled clin- 
ical trial in this area. We do not think anyone can disagree with 
thet thesis. When such controlled information is available we 
will be able ta settle differences of opinion as to whether te use 
systemic or local antibiotic treatment or whether to use prophy- 
lactic antibodies at all. : 

Dr. Herter asked us for our opinion about the recent increase 
in reported infections with bacteroides. He indicated, and I would 
have to agree, that this may be cyclic in nature. I think there are 
probably two other important elements that are also operable 
here. One is our increased rate of accurate diagnosis. The whole 
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world of anaerobic methodology has changed markedly in tos last 
half decade. Information derived prior to 1967 or ’68 from most 
centers is probably not applicable today. Anaerobic m2 hod- 
ology as practiced 10 years ago and anaerobic methodolcgy as 
practiced today are really very much different. We are now 
recovering fastidious anaerobic organisms at a much higher rate 
because of our more appropriate methodology. 

Another factor that plays a role is the widespread use of accino- 
glycoside antibiotics. This group includes neomycin, kanara~cin, 
gentamicin, streptomycin and so on. With prolonged u:eage, 
these antibiotics all favor the development and subsequent cver- 
growth of resistant strains of bacteroides and other anaerobes. This 
particular group of antibiotics is used very widely in cLrical 
practice. Widespread use is probably one of the reasons w= are 
seeing the increased incidence of bacteroides and similar fastiBous 
anaerobes in wound infections. 

Dr. Herter also asked us if Clindamicin would be as effecive 
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as erythromycin—it certainly would be and it is our choice to use 
in a patient who has a serious established infection with mixed 
fecal flora or with anaerobes. We elected to use erythromycin in 
this study because of the drugs (erythromycin, lincomycin, 
Clindamicin, chloramphenicol and tetracyclines) which can be 
used with an aminoglycoside to affect the full spectrum of bowel 
flora, erthromycin is the least poorly absorbed from the lumen of 
the gut. 

Dr. Turnbull indicated that some of his patients have had sub- 
clinical eighth nerve damage associated with the absarption of 
kanamycin from inflamed bowel mucosa. I think I should point 
out that the liability of eighth nerve damage is also true of every 
one of the aminoglycoside antibiotics. It would also be true of 
neomycin, streptomycin, and so forth. 

It is of interest, in view of Dr. Harrison’s report, that the only 
patient we have with an anastomotic leak was a patient who did 
not receive antibictics. 
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T= RESULTS of single lung transplantation in pa- 
tients with severe pulmonary emphysema have been 
poor. Most of the patients have died within a few weeks 
of operation from respiratory insufficiency produced 
mainly by a serious ventilation-perfusion (V/Q) im- 
balance.*4-230 The latter has been characterized by 
underventilation of the transplant despite the fact that 
it has been receiving most of the pulmonary blood flow.’® 
Because the classic histologic manifestations of rejec- 
tion Were not present in the allografts, this V/Q 
imbalance, which produces a high degree cf venous 
admixture with severe arterial hypoxemia, has been 
widely attributed to the physiologic setting in which a 
transplant with normal vascular resistance, airway re- 
sistence and compliance exists in parallel with an em- 
physematous lung which has a high vasculaz resistance, 
a high static compliance and a high expira:ory airway 
resistance. Theoretically this physiologic setting alone 
could account for the distribution of most cf the blood 
flow to the transplant while the emphysematous lung 
received the majority of the ventilation, became over- 
expanded, and compressed the already poorly ventilated 
transplant. On this basis, single lung traasplantation 
has been deemed contraindicated in emphysematous 
patients, and bilateral procedures have been advocated 
despite their increased complexity.1*° 
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Recently we have presented experimental evidence 
that lung allograft rejection has both an alveolar and a 
vascular component.** The alveolar component, which 
consists of fibrinous alveolar exudates on biopsy and 
infiltrates on plain chest roentgenograms, produces de- 
creased ventilation. The vascular component consists of 
infiltration of round cells around and in the walls of 
blood vessels along with intimal proliferation. This com- 
ponent produces decreased allograft perfusion and can 
be detected by angiographic changes. Immunosuppres- 
sion can attenuate the vascular manifestations of re- 
jection more than the alveolar.!4? This produces a 
characteristic histologic picture with fibrinous alveolar 
exudates but without perivascular mononuclear cell 
infiltrates. It also means that lung allograft rejection 
under immunosuppression could produce V/Q imbal- 
ances with high degrees of venous admixture and hyp- 
poxia.” In addition, we have found that several of the 
emphysematous patients who died after receiving a 
single lung graft had histologic evidence in their trans- 
plant of advanced alveolar involvement without sig- 
nificant perivascular round cell infiltration.+?5 These 
facts prompted us to postulate that the physiologic. set- 
ting may not have been the sole cause of the severe and 
fatal V/Q imbalances that had developed in emphy- 
sematous recipients of single lung transplants; but 
that some other process, such as alveolar involvement 
by rejection, must impair transplant ventilation before 
serious V/Q imbalances can occur.”224 This postu- 
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late was supported by the course of one of our 2m- 
physematous patients who received a single hing trens- 
plant but only developed severe arterial hypoxemia 
after there was roentgenographic evidence that ad- 
vanced alveolar involvement by rejection had occurred 
in his transplant. 

To test the hypothesis that the physiologic se-tng 
may not be the only or even the major cause of -he 
V/Q imbalances that occur when one transplan-ed 
lung and one emphysematous lung exist in parallel we 
have designed experiments to study the functional de- 
fects that occur when single lung allografts or suto- 
grafts are performed in dogs whose remaining opposite 
lung has papain induced emphysema. The present 
article reports some of the results of these studies aad 
briefly describes pertinent aspects of the course of two 
emphysematous patients who received single lung al- 
lotransplants. 


Methods 


I. Left Lung Allotransplantation in Dogs with Bäct- 
eral Emphysema 

The methods used in these animals will be described 
here briefly since they will be presented in detail es- 
where.® Bilateral emphysema was induced in pur- 
bred Beagle dogs by. placing 5 ml. of 16% papacn 
(30,000 NFU/mg., Winthrop Labs) in normal sa- 
line in the. micronebulizer of a Bird Mark VII respirator. 
The nebulized papain solution was then administered 
via a cuffed endotracheal tube under light sodium pen- 
tobartital anesthesia. The papain treatments were re- 
peated 3-5 times at intervals of 1-12 weeks. 

Before and after each papain treatment, the follow- 
ing studies were performed in each of 14 Beagl=s. 
Plain postero-anterior chest film, pulmonary angiograrr, 
determination of arterial pH, Pos and Pcos, ventilation 
scan using 1%xenon, perfusion scan with techne- 
tium labeled albumin microspheres, determination of 
pulmonary artery pressure using a flow guided silasric 
cardiac catheter, diffusing capacity for carbon moncx 
ide (Dco), and functional residual capacity (FRC 13 

Eleven of the 14 Beagles died during the period >: 
emphysema induction. The remaining three, which hec 
radiographic and functional evidence of mild to mod- 
erate emphysema, were subjected to left lung alb- 
transplantation using previously described technics?¢ 
The right pulmonary artery of the recipient was not 
ligated. In each instance the lung allograft was ob- 
tained from an unrelated purebred Beagle of the same 
size obtained from the same colony. The excised le=t 
lung of the recipient was fixed by formalin-fume in- 
suffation via the bronchus at 4 pressure of 20 mm. 
* Hg.’ The fixed lung was then cut and mounted fcr 
preparation of Gough macrosections;** and represen- 
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tative samples were embedded in paraffin, cut and 
stained with hematoxylin and eosin for study by light 
microscopy. The severity of the emphysema was graded 
according to the scale of Takaro and White? which is 
based primarily on an evaluation of the macrosections. 

The three lung allograft recipients were given 2-3 
mg./Kg./day of azathioprine, 1 mg./Kg./day of pred- 
nisone, and 25 ml./day of rabbit anti-dog thymocyte 
serum.” They also received 1,200,000 u of procaine peni- 
cillin and 1 Gm. of streptomycin daily for 1 week. 

During the postoperative period each of these three 
recipients had a daily plain chest roentgenogram and 
a complete blcod count to facilitate regulation of the 
azathioprine dosage. Ventilation and perfusion scans 
were performed under light sodium pentobarbital an- 
esthesia 1 day after operation and every 1-2 weeks 
thereafter. Arterial blood gases were determined every 
9-7 days, and maximum venous admixture in arterial 
blood was estimated from the arterial oxygen tension 
while breathing room air, according to the work of 
Pontoppidan and his colleagues.!* Since V/Q imbalances 
are reflected in an increased venous admixture, the esti- 
mate of maximum venous admixture represerited the 
upper limit of V/Q imbalance that could be occurring 
at that time. Since factors other than V/Q imbalance can 
contribute to venous admixture, this value does not mea- 
sure V/Q imbalance exactly, but only indicates that it 
must be below a certain level. 

After death, a full postmortem examination was per- 
formed. The lungs were removed and fixed by fosmalin- 
fume insufflation via the trachea.? Gough macrosections 
and histologic sections of both lungs were prepared as 
already described. The bronchial and vascular anasto- 
moses were carefully examined for evidence of narrow- 
ing or poor healing. 


Il. Left Lung Autotransplantation in Dogs with Right 
Lung Emphysema 

An attempt was made to produce moderate to severe 
unilateral eraphysema in the right lung of 20 mongrel 
dogs. Under light sodium pentobarbital anesthesia, a 
Kottmeier® tracheal divider (Rusch and Co.) was po- 
sitioned and tested to assure completeness of separa- 
tion of the bronchi from the two lungs. This was ac- 
complished by forcibly inflating each lung in sequence 
while the other half of the divider was connected to 
a tube placed under water. Absence of bubbling as- 
sured complete separation. In several animals the com- 
pleteness of separation as well as the patency of upper 
lobe bronchi were validated by 1°*Xe ventilation scans 
and bronchography carried out through the tube. 

When the tube was well-positioned, 7 mg./Kg. of 
powdered papain (30,000 NFU/mg., Winthrop Labs) 
diluted in 25 ml. of normal saline was instilled in the 
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right limb of the tracheal divider.2° The left lung of the 
dog was ventilated with 100% oxygen for _-2 hours 
after which the divider was removed. Papain treat- 
ments were repeated at 1-3 weekly intervals for a 
total of 3-5 treatments. 

Before and periodically after the papain teatments, 
the animals were lightly anesthetized with sodium pen- 
tobarbital and underwent all or some of the following 
studies: plain chest roentgenogram, ventiletion scan 
(183Xe), perfusion scan (°"Tc albumin Micro- 
spheres), determination of arterial blood gases, pul- 
monary angiogram, bronchogram, and pulmonary func- 
tion tests. The latter included differential furction tests 
performed with the Kottmeier tracheal divider and to- 
tal function tests performed via an endotracheal tube. 
These function tests, which were carried out with the 
dogs spontaneously breathing ambient air. included 
determinations of FRC, helium equilibration, Dco, 
tidal volume and oxygen uptake. Details of the meth- 
odology used for all these determinations will be re- 
ported subsequently.” In Addition, maximam venous 
admixture in arterial blood was estimated from the 
arterial oxygen tension while breathing room air.” 

Nine dogs died during induction of the emphysema. 
In the remaining 11 dogs, mild, moderate. or severe 
emphysema was produced in the right lung as judged 
by roentgenographic, scan, and/or functional evalua- 
tions. These animals then underwent autotransplanta- 
tion of their left lung using previously described tech- 
nics.2°®7 Three dogs died within 3 days of operation. 
The remaining eight survived chronically and were sub- 
jected to repetitive study over the next 2-15 months. 

Postoperatively, the animals underwent some or all 
of the following studies. All animals had plain chest 
roentegenograms daily for the first month and every 
2-7 days thereafter. Ventilation and perfasion scans 
and determination of arterial blood gases with the ani- 
mals breathing room air were obtained uncer light so- 
dium pentobarbital anesthesia within 48 hours of op- 
eration, again 1-2 weeks later, and thereafter every 
1-8 weeks. The total and differential pulmonary func- 
tion tests that had been performed preoperatively in 
some animals were repeated within the firs- 2-4 weeks 
after operation and every 2-8 weeks therea ter. Several 
animals that had not had total and differential pul- 
monary function tests done before induction of em- 
physema or before transplantation did have them 3-13 
months after transplantation. Five of the ¿nimals that 
had survived 7-13 months had all the above studies 
repeated together with a bronchogram and a pulmonary 
angiogram which were performed by previously de- 
scribed methods.!*16 These five dogs were then sacri- 
ficed, and their lungs were removed and formalin-fume 
fixed for histologic examination and preparation of whole 
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lung macrosections.?4 The bronchial and vascular anas- 
tomoses were examined for evidence of narrowing or 
poor healing. 


Results 


1. Left Lung Allografts in Dogs with Bilateral Em- 
physema 


The detailed results in these animals are the subject 
of a separate report.” They will, therefore, be pre- 
sented here in summary form and illustrated by rep- 
resentative examples. 

Mild to moderate bilateral emphysema was success- 
fully produced in only three of the 14 animals. The 
other 11 animals succumbed from the hemorrhagic 
chemical pneumonitis that occurs within the first sev- 
eral days after exposure to papain and which precedes 
the development of emphysema.” The emphysema that 
was produced, even though it was only of mild to mod- 
erate severity, was well documented by histologic sec- 
tion, whole lung macrosections, and by an increased 
FRC and a decreased Dco. In addition, the plain 
chest roentgenograms showed hyperlucency and over- 
inflation of the lungs with depression of the diaphragms. 

After left lung allotransplantation, roentgenographic 
infiltrates developed in the graft in all three animals 
(Fig. la). These infiltrates were associated with di- 
minished perfusion and ventilation of the transplant on 
lung scans (Fig. 2). One dog died 2 days after opera- 
tion from a left atrial thrombosis. In the two surviving 
animals, the roentgenographic infiltrates increased in 
extent until the third postoperative day and then 
gradually improved over the next 2 weeks (Fig. 1b) 
in association with improvement in the animals’ well- 
being, an increase in arterial oxygen tensions from 60 
to 69 and 67 mm. Hg, and improved transplant ventila- 
tion and perfusion on scan (Fig. 3 J; 

The second allotransplanted dog died 8 days post- 
operatively from rejection, and the third animal sur- 
vived for 12 weeks. During the 12-week period of sur- 
vival after transplantation, this dog appeared to have a 
normal activity pattern and state of well-being ex- 
cept during the first postoperative week and during 
a presumed rejection crisis which occurred 10 weeks 
after transplantation. The crisis was associated with 
weakness and lassitude, roentgenographic infiltrates in 
the allograft (Fig. Ic), and diminished ventilation of 
the transplant despite its sustained perfusion on stans 
(Fig. 4). This scan evidence of V/Q imbalance was, 
associated with a decrease in arterial oxygen tension 
from 69 to 54 mm. Hg. This corresponds to an increase 
in the maximum venous admixture from 15 to 302.12 
Treatment of this animal’s presumed rejection crisis 


with 2 mg./Kg./day of prednisone for 4 days resulted 
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in improvement in the dog’s well-being and exercis2 
tolerance, clearing of the roentgenographic infiltrate in 
the transplant (Fig. 1d), and an increase in arteric] 
oxygen tension to 68 mm. Hg. This animal then re- 
„mained well with a normal respiratory status until 12 
weeks after transplantation when it died suddenly from 
a massive gastrointestinal hemorrhage, presumably a 
toxic manifestation of the immunosuppressive regimen 
it was receiving. At postmortem, this dog’s own righ- 
lung was moderately emphysematous, and overexpanded 
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BILATERAL EMPHYSEMA 
lweek after Left Lung 
Aliograft Fic. 1, Representative 


plain chest roentgeno- 
grams of a dog with bi- 
lateral emphysema at 
various times after a left 
lung allotransplant had 
been performed. 
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(Fig. 5), while the transplanted left lung, although 
smaller and somewhat compressed, was well expanded 
and appeared normal except for very slight mononuclear 
cell infiltration on histologic section.® 


II. Left Lung Autotransplantation in Dogs with Right 
Lung Emphysema 


The results in this group of animals before and 
after left lung autotransplantation will be presented here 
in summary form with some representative examples, 
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Fic, 2. Perfusion and ventilation scans from a dog with bilateral 
emphysema. These scans were obtained 2 days after the animal 
received a left lung allograft. In this figure and all other scan 
figures, the sequential ventilation and washout pictures were taken 
at 30-second intervals. Perfusion and ventilation ane both de- 
creased in the transplant, but the ventilatory impairment is greater 
than the perfusion defect. 


since the detailed findings will be the subject of sep- 
arate reports.”:1®78 

A. Preoperative Studies, Courses, and Survival. 
Eleven animals survived induction of emphysema and 
were judged to have evidence of mild, moderate, or 
severe emphysema in their right lung on the basis of 
the functional, scan, and/or radiographic studies that 
were performed. Six of these 11 animals were judged 
to have severe right lung emphysema, and three had 
dyspnea and tachypnea at rest. Typical changes that 
occurred in these animals with severe unilateral em- 
physema included: 1) on plain chest roentgenograms, 
marked overexpansion and hyperlucency of the right 
lung with herniation into the left hemithoras and com- 
pression of the left lung (Fig. 6a); 2) on ventilation 
and perfusion scans, a relatively greater perftsion of the 
left lung compared to the right (Fig. 7, tep line), a 
greater volume and less rapid rate of ventiletion in the 
right lung compared to the left (Fig. 7, middle line), 
a slower washout from the right lung than the left (Fig. 
7, bottom line); 3) on differential bronchospirometry, a 
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greater FRC and helium equilibration in the right lung 
compared to the left (Table 1), a greater Deo, tidal 
volume and oxygen uptake in the left lung compared 
to the right (Table 1), and 4) relatively normal blood 
gases when spontaneously breathing room air (Table 
1). In addition, the estimated maximum venous ad- 
mixture in all these animals ranged from 5 to 17% be- 
fore transplantation.’ 

Eight of the 11 animals with unilateral right lung 
emphysema survived chronically after left lung auto- 
transplantation. All eight of these survivors had a res- 
piratory status and an exercise tolerance similar to that 
which they had had prior to operation; and all sur- 
vived multiple extensive studies under light anesthesia. 
Three of the six dogs that had severe unilateral em- 
physema died without any apparent technical failure 
within the first 3 days after transplantation, and one 
dog with severe unilateral emphysema survived to 
have several studies but died during studies peformed 
2 months after transplantation. At postmortem, this 
dog had significant stenosis at his bronchial suture line 
and widespread pulmonary edema in his transplant. 

B. Plain Chest Roentgenograms. After transplanta- 
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Fic. 3. Perfusion and ventilation scans 8 days after a dog with 
bilateral emphysema received a left lung allograft. Ventilation 
and perfusion of the transplant are approximately equal to those 


of the right lung. 
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Fic. 4. Perfusion and ventilation scans 10 weeks after a «dog 
with bilateral emphysema received a left lung allograft. This 
scan was performed when the animal had a roentgenographic 
infiltrate in its transplant and a decrease in arterial oxygen 
tension. Ventilation of the transplant is decreased markedly while 
its perfusion is only slightly less than that of the right lung. 


tion, an alveolar infiltrate was always noted in the auto- 
grafted left lung. This usually reached its peak of 
severity on or before the third post-transplant day 
(Fig. 6b). It then remained constant for several days 
and resolved sometime between the first and second 
week after transplantation (Fig. 6c). Thereafter the 
transplanted left lung generally remained roentgeno- 
graphically well aerated and free of infiltrates although 
it was compressed by the overexpanded emphysematous 
lung (Fig. 6d). In some animals infiltrates were oc- 
casionally noted in one or another lung, but these feol- 
lowed no consistent pattern and usually cleared with 
or without antibiotic treatment. These infiltrates often 
coincided with diminished arterial oxygen tensions and 
corresponding defects in differential pulmonary func- 
tion tests, ventilation, and/or perfusion scans. 

C. Ventilation and Perfusion Scans. Before transplan- 
‘tation, these studies generally showed that the left lung 
received the majority of pulmonary blood flow, and 
was ventilated and washed out faster than the lar yer 
, emphysematous right lung (Fig. 7). However, some 
of the animals had exceptional ventilation scans with 
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equal or more rapid ventilation occurring in the right 
lung. Sometimes this finding could be explained on an 
anatomic basis; other times it could not.7-20 

After transplantation, the relative perfusion of the 
transplant usually diminished slightly (Fig. 8, top line). 
The peak of this decrease in transplant blood flow usu- 
ally was observed on the first postoperative scan, done 
within 48 hours of operation; and by the second scan, 
7-14 days after transplantation, the blood flow to the 
grafted left lung usually had returned to its preopera- 
tive level ( Fig. 9, top line). 

Ventilation was always impaired on the scans taken 
within a few days of operation (Fig. 8, middle line). 
Often this impairment paralleled the decreased per- 
fusion, but occasionally the decrease in ventilation was 
more marked than the decrease in blood flow. In most, 
although not all instances, ventilation of the trans- 
plant returned within 1-2 weeks of operation to its 
preoperative levels (Fig. 9, middle line). Washout of 
the transplant appeared slightly more rapid than that 
of the emphysematous lung after the early postopera- 
tive period (Fig. 9 and 10, bottom lines), but this was 
not a consistent finding. 

Late postoperative scans in these dogs usually re- 
vealed that the transplant received most of the blood 
flow. Some of the transplanted left lungs also appeared 
to be ventilated more rapidly than the larger emphy- 
sematous right lungs (Fig. 10, middle line), However, 
this finding was also inconsistent with many animals 
having apparently equal ventilation bilaterally gq scan, 


Fic, 5. Postmortem pho- 
tograph of the formalin- 
fume fixed lungs of the 
animal with bilateral 
emphysema that died 12 
weeks after receiving a 
left lung allograft. The 
lungs are viewed from 
behind. The allografted 
lung is on the left and 
is much smaller than the 
moderately emphysema- 
tous right lung. 
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Fic. 6. Representative 
plain chest roentgeno- 
grams of dogs with pa- 
pain emphysema in their 
right lung at various 
times before and after 
autotransplantation of 
their left lung. In all in- 
stances, note how the 
right lung is herniated 
into the left hemithorax. 
This is especially no- 
ticeable below the heart. 
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and studies in a few animals indicating that transplant mixture. In the dogs with mild, moderate or severe 
ventilation was less rapid than that of the emphysema- emphysema, blood gas values generally were within ` 


tous right lung. Sometimes the impairec transplant the normal range before operation with arterial oxy- 
ventilation coincided with the presence of roentgeno- gen tensions ranging from 71-85 mm. Hg except for 
graphic infiltrates, but occasionally it did not. two dogs with the most severe unilateral emphysema 

D. Arterial Blood Gases and Maximum Venous Ad- that had arterial oxygen tensions of 64 and 68 mm. 
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Fic. 7. Perfusion and ventilation scans from a dog with papain 
emphysema in his right lung. These scans were obtained before 
transplantation. The left lung is perfused and ventilated better 
than the right. The volume of the right lung is larger and its 
washout is delayed. 


Hg. After transplantation, there were transient de- 
creases in arterial oxygen tension (to 53-65 mm. Hø). 
These values returned to normal levels within 1-2 weeks 
and usually remained there if the animal’s lungs were 
free of infiltrates. Arterial oxygen tensions from 2 weeks 
after transplantation onward in surviving dogs with 
mild, moderate, or severe unilateral emphysema ranged 
from 68 to 85 mm. Hg (mean = 76 mm. Hg). Esti- 
mated maximum venous admixture in these dogs ranged 
from 5 to 15% after the first postoperative week.'? 
Blood gas values before and after left lung auto- 
transplantation in two dogs with severe right lung em- 
physema are shown in Table 1. 

E. Angtograms and Bronchograms. The angiograms 
confirmed the right lung Overexpansion and revealed 
slight slowing of the circulation to the emphysematous 
"lung as compared to the transplant. Pruning of the 
peripheral branches of the pulmonary artery was also 
present in the emphysematous lung along with multi- 
ple defects in the capillary phase of the examima- 
tion. These defects probably represented overexpanded 
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airspaces. Bronchograms confirmed the overexpansion 
of the right lung but were otherwise unremarkable. 

F. Postmortem Findings. Information was available 
on four dogs that died 1, 3, 5 and 60 days after 
transplantation and on five dogs that were sacrificed 
7-13 months after transplantation. All animals that 
died spontaneously had severe emphysema in their 
right lung histologically, after formalin-fume fixation, 
and on examination of macrosections. Except for sig- 
nificant bronchial stenosis at the anastomotic site in 
the dog that died 60 days after transplantation, no 
other anastomotic defects were identified. All four of 
these dogs had significant compression of their trans- 
planted lung visible on gross examination. However, all 
these transplants were histologically normal except for 
the presence of some focal atelectasis and pulmonary 
edema. 

Of the five dogs that were sacrificed, two had se- 
vere emphysema, two had moderate emphysema and 
one had mild emphysema in the right lung. These find- 
ings were apparent on gross examination of the for- 
malin-fume fixed lungs (Fig. 11), as well as on the 
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Fic. 8. Perfusion and ventilation scans 2 days after a dog with 
right lung emphysema underwent left lung autotransplantation. 
In this instance, transplant perfusion and ventilation are di- 
minished equally. 
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Fic. 9. Perfusion and ventilation scans 9 days after a dog with 
right lung emphysema underwent left lung autotransplantation. 
The transplanted left lung receives the majority of th pulmonary 
blood flow and is ventilated better than the larger emphysematous 
right lung. 


macrosections and routine histologic study. Two of 
these five dogs had mild focal emphysematous changes 
in their transplanted lung as well. Although the left lung 
transplant in these five sacrificed animals appeared 


(Fig. 11), as it did in 


compressed on gross Inspection g 


TABLE 1. 
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Fic. 10. Perfusion and ventilation scans 5 months after a dog 
with right lung emphysema underwent left lung autotransplanta- 
tion. Perfusion and ventilation of the left lung is superior to 
those of the right lung. The last frame of the ventilation scan 
shows that the right lung has a larger volume than the left. 
Washout of the right lung is delayed. 


the four animals that died spontaneously, there was no 
evidence of atelectasis or pulmonary edema on histo- 
logic examination of the transplant even in the two 
dogs with severe right lung emphysema. 


Arterial Blood Gases, Calculated Maximal Venous Admixture, and Differential Pulmonary Function Test Results in Two 


Representative Animals with Severe Right Lung Emphysema before and after Left Lung Autotransplantation. Preoperative 





Function Tests are from Dog #1 and Postoperative Function Tests from Dog #2. 











Before Transplantation 





After Transplantation 





























Dog #1 Dog #2 Dog #1 Dog #2 
Arterial Pos (mm. Heg) 83 85 85 78 
n Arterial Pcos (mm. Hg) 47 35 35 t4 

Arterial pH 7.31 7.35 7.34 7.35 
Maximal Venous Admixture” 6 5 5 8 

(% of total pulmonary blood flow) 
Differential Lung Function Right Lung Left Lung Right Lung Left Lut z 
FRC (cc) 539 270 890 575 
Helium Equilibration (min) 1.5 1.0 4 bs 

(ml./min) 

Deo > ee 1.8 2.4 1.4 A 

” (mm. Hg) E p 
Tidal Volume (cc) 55 108 108 160 
Oxygen Uptake (cc/min) 50 95 80 108 

» 





Fic, 11. Postmortem photograph of the formalin-fume fixed lungs 
of an animal with severe right lung emphysema. This dog was 
sacrificed several months after undergoing left lung autotrims- 
plantation. The lungs are viewed from behind so that the a to- 
graft is on the left. Just prior to sacrifice this dog had an arte-ial 
oxygen tension of 78 mm. Hg. 


The course of two emphysematous patients in whcm 
we have performed single lung allotransplants will 
be summarized only briefly here since they will be ze- 
ported in detail subsequently.“ 


Case Reports 

Case 1. C.S. was a 53-year-old man with severe emphysema. 
For 3 years prior to transplantation, he had required ventilatcry 
assistance with a respirator via a cuffed tracheostomy tube. Ce- 
spite optimal ventilator management arterial Pco, ranged from 
60-100 mm. Hg, and arterial oxygen tension was as low as 46 
mm. Hg. 

From 1-6 months after right lung transplantation, the patieat 
was able to breathe comfortably without ventilatory assistance ard 
without a tracheostomy, When rejection was well controlled, the 
patient was able to maintain a carbon dioxide tension of 33-<4 
mm. Hg and an arterial oxygen tension of 66-71 mm. Hg whic 
breathing room air spontaneously. Estimated maximum venous 
admixture was 10-15%.) 

Two months after operation, when the patient was clinicalby 
at his best, chest roentgenograms showed that the right lung 
transplant was clear of infiltrate and well aerated despite over- 
expansion of the emphysematous left lung and displacement cf 
the mediastinum to the right (Fig. 12). A perfusion scan (°°™T> 
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labelled albumin microspheres ), performed during a comparable 
period of clinical well-being and roentgenographic freedom of 
infiltrate in the transplant, showed that the bulk of the pulmonary 
blood flow was distributed to the right lung (Fig. 13, top line). 
A ventilation scan (1%%Xe) showed that the transplanted right 
lung was ventilated more rapidly and more evenly than the 
emphysematous left lung (Fig. 13, middle line); and a washout 
scan showed that the radioactive 13%xenon was cleared from the 
transplant more effectively than from the emphysematous lung 
(Fig. 13, bottom line). 

Despite immunosuppression with azathioprine (2-3 mg./Kg./ 
day), prednisone (1 mg./Kg./day), and rabbit anti-thymocyte 
globulin or horse antilymphoblast globulin (13-30 mg./Kg./day 
for 31 days), the patient had multiple apparent episodes of 
rejection of the allografted lung. These were characterized by 
dyspnea, an increase in body temperature (102-104 F), the ap- 
pearance of an infiltrate on chest roentgenograms, a decrease in 
the arterial oxygen tension to 52-62 mm. Hg, and a need for 
increased inspired oxygen concentrations in the absence of any 
significant change in the number or character of organisms present 
on culture or smear of the tracheal secretions.2® All the mani- 
festations in each of these presumed rejection episodes were com- 
pletely reversed by supplementing the patient’s immunosuppres- 
sive therapy with 1 Gm. doses of methylprednisolone given at 
12 hourly intervals for 2-4 days.29 Antibiotic drugs were not 
required during any of these apparent rejection episodes. 

Except for these rejection episodes and muscular weakness 
which was due to the large doses of corticosteroids he received, 
the patient was well and was significantly palliated for 6 months. 
His chest roentgenograms remained stable (Fig. 14) except for 
the infiltrate which was present in the transplant in association 
with rejection episodes. The patient died suddenly and unex- 
pectedly 6 months after transplantation from a massive hemoptysis 
which arose from the erosion of a small vessel at a poorly healed 
corner of his bronchial anastomosis. Although there were rare 
foci of fibrosis, round cell infiltration and alveolar exudåtes con- 
taining round cells and polymorphonuclear leukocytes, more than 
80% of the transplant parenchyma was normal at postmortem 
examination. 

Case 2. R.B. was a 57-year-old woman with very severe 
emphysema who underwent left lung allotransplantation on 
5-6-72. Preoperative pulmonary functions included a residual 
volume/total lung capacity ratio of 80%, an arterial oxygen 
tension of 40 mm. Hg and a carbon dioxide tension of 70 
mm. Hg while breathing room air. A perfusion scan (°°"Tc 
albumin micropheres) revealed multiple areas of decreased blood 





Fic. 12. PA and lateral chest roentgenograms on our emphyse- 
matous patient (Case 1) who survived 6 months after receiving 
a right lung allograft. These films were taken 2 months after 
operation. 
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flow and a ventilation scan (13%Xe) showed areas of delayed 
uptake and prolonged w ashout. 

Immediately after operation, a roentgenographic infilt-ate was 
present in the patient's transplant. This increased in severity for 

1 day and then gradually resolved over the next 5 days in as- 
far Fe with an improvement in arterial oxygen termsions on 
progressively lower inspired oxygen concentrations.” In association 
with this improvement in the presumed reimplantation response 
the estimated maximum venous admixture fell from 20 te 10%.8.1? 

On the eleventh postoperative day the patient was clinically 
well and the transplant was free of roentgenographic infiltrate 
(Fig. 15, left). At this time, arterial oxygen tension was 110 
mm. Hg and the maximum venous admixture was 10%.1* From 
the twelfth postoperative day onward, the patient developed 
an increasingly extensive infiltrate in the transplant and arterial 
oxygen tensions fell despite increasing concentrations o° inspired 
oxygen. Sputum revealed findings compatible with a bacterial 
and fungal pneumonia. Despite treatment, the patient’s condition 
worsened; the infiltrate in the transplant increased (Fig. 15, 
right); maximum venous admixture increased to 35%;1% and she 
succumbed 16 days after operation. Postmortem examination re- 
vealed extension pneumonic involvement of the transplant. This 
was thought to be, in part at least, related to aspiration of in- 
fected necrotic bronchial mucosa secondary to ischemia of the 
transplant bronchus. 


Discussion 


These findings show that the presence of one trans- 
planted lung and one emphysematous lung in parallel 
does not produce significant obligatory V/O imbal- 
ances unless ventilation of the allograft is impaired 
by some process other than the physiologi: setting 
alone. Such processes which may involve the transplant 
and impair its ventilation without necessarily decreas- 
ing its perfusion include alveolar manifestations of lung 
allograft rejection, bronchial obstruction, preumonia, 
and the reimplantation response. The reimplantation 
response, which can occur in autografts and allografts, 
is produced by the trauma and ischemia of operation 
and results in pulmonary edema, roentgenographic in- 


filtrates, and impaired transplant ventilation." This 
process, which usually reaches its peak by the third 


postoperative day and then resolves over the next 1-3 
weeks, probably contributed to the roentgenographic, 
scan, and functional defects that were noted in our 
animals and our second patient in the early postopera- 
tive period. As this process resolved and transplant 
ventilation and function improved, venous admixture 
decreased and arterial oxygenation approached nor- 

mal. Thus, the V/Q imbalance and poor pulmonary 
function in the early postoperative period was due 
primarily to the abnormality in the transplart and not 
simply to the physiologic setting of a transplented lung 
in parallel with an emphysematous lung. 

This does not exclude the possibility that the physi- 
ologic setting may contribute to the poor >dulmonary 


function. Clearly, the overexpanded empl ysematous 
lungs both the dogs and the patients compressed 
Ld 
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Fıc. 13. Ventilation and perfusion scans on our emphysematous 
patient who survived 6 months after receiving a right lung trans- 
plant. These scans were obtaine d 4 weeks after operation. The 
transplante -d right lung receives the bulk of the pulmonary blood 
flow and is better ventilated than the larger emphysematous left 
lung. Washout from the left lung is del: yed. 


the smaller transplanted lungs. It is possible that this 
compression could be great enough to cause atelectasis 
in the transplant and impair its ventilation, particularly 
if the parenchyma was already damaged by some 
other process. The animals with severe right lung em- 
physema that died in the early period after left lung 





Fic. 14. PA and lateral chest roentgenograms on our patient 6 
months after right lung transplantation. 
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Fic. 15. PA chest roentgenograms on our emphysematou: pa- 
tient who died 16 days after receiving a left lung allograft The 
film on the left was taken 11 days after operation wher the 
patient’s transplant was free of roentgenographic infiltrates and 
the maximum venous admixture was 10%. The film on the right 
was taken 5 days later. The presence of an extensive infi trate 
in the transplant was due to pneumonia. This was associated 
with a fall in arterial oxygen tension and an increase in maxi num 
venous admixture to 35%. 


autotransplantation had some focal atelectasis in their 
transplant. Probably this atelectasis, which was in dart 
at least the result of compression by the emphysema- 
tous lung and thus the physiologic setting, contrib ted 
to their ‘death, However, several animals with eqarally 
severe right lung emphysema went through a period of 
respiratory difficulty postoperatively, but recovared 
and survived with minimal V /O abnormalities. This 
would indicate that the physiologic setting alone does 
not produce severe or progressive atelectasis and fumc- 
tional impairment, and that much of the dogs’ -es- 
piratory difficulties postoperatively were due to the 
spontaneously reversible reimplantation response. This 
conclusion is further supported by the absence of ro- 
entgenographic or histologic evidence of significant <te- 
lectasis in either of our patients, and by the absemce 
of histologic evidence of atelectasis in any of our ami- 
mals with severe right lung emphysema that survived 
and were sacrificed after transplantation. Clearly, the 
findings in our dogs indicate that a significant amount 
of compression of the transplanted lung does not nec- 
essarily produce atelectasis and does not impair trans- 
plant ventilation or function. 

This is not to deny the possibility that unilate-al 
papain emphysema of greater severity could be pro- 
duced and that the remaining lung might be so com- 
pressed as to be rendered permanently atelectatic. In 
this case,,the physiologic setting alone could cause im- 
paired pulmonary function with great V/Q_ imbal- 
ante. We plan further work to evaluate this possibility. 
However, we do not believe that this situation, where 
there would be insufficient space within the chest to 
place the transplant, is analogous to the situation in 
emphysematous patients who have a large hemithorax 
into which the transplant may be inserted. The findinzs 
in our patients would suggest that the overexpansicn 
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of the remaining emphysematous lung does not impair 
the function wi the smaller transplant. In fact, this 
overexpansion by the emphysematous lung may help 

fill the patient’s enlarged hemithorax and prevent 
overdistension of the transplanted lung thereby assur- 
ing its optimal function. 

Although the reimplantation response and pneumonia 
caused parenchymal involvement of the transplant and 
produced impaired transplant ventilation and V/Q im- 
balances in our patient who survived 16 days (Case 2), 
we believe that rejection was a more important cause 
of the fatal V/Q imbalances that occurred in the other 
emphysematous patients who received a single lung trans- 
plant.24”° We have previously shown that in immuno- 
suppressed recipients the alveolar manifestations of 
rejection, which fill alveoli and produce impaired trans- 
plant ventilation, can occur without any vascular in- 
volvement or decreased blood flow.'*:2-24 Such selective 
suppression of the vascular manifestations of rejection 
could produce increased venous admixture and arterial 
hypoxemia even if the transplant is the only lung tissue 
present or is inserted in parallel with a normal lung. 
Most, if not all the emphysematous patients who suc- 

cumbed from respiratory failure with large V/Q im- 
balances had histologic evidence of extensive alveolar 
involvement from rejection.?*:2° Many had minimal his- 
tologic evidence of vascular involvement2t25 On the 
basis of these findings, we have previously postulated 
that the alveolar manifestations of rejection were a more 
important cause of the V/O imbalances and poor results 
with single lung transplantation in emphysema than was 
the physiologic setting.?3.74:75 

The present results support this contention. In our 
patient who survived 6 months and the allografted 
dog that survived 12 weeks, arterial oxygen tensions 
approached normal and venous admixture was mini- 
mal when the roentgenographic manifestations of alve- 
olar involvement by rejection were absent or minimal. 
Parenchymal involvement of the transplant, which was 
detectable by the presence of roentgenographic infil- 
trates, was always associated with worsening of pul- 
monary function and a decreased arterial oxygen ten- 
sion indicative of increased venous admixture and 
increased V/Q imbalance. Since these infiltrates re- 
solved with high doses of corticosteroids and without 
antibiotics, we presume they were due to the alveolar 
manifestations of rejection.” With resolution of these 
presumed alveolar manifestations of rejection, arterial 
oxygen tension and venous admixture returned toward 
normal. Thus rejection, not the physiologic setting, was 
the major cause of the V/Q imbalance and the im- 
paired pulmonary function. 

Even though the present results show that single 
lung transplantation is not contraindicated in emphy- 
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sema and that one transplanted lung can impreve res- 
piratory function in emphysematous patients, successful 
transplantation of both lungs would obviously provide 
better pulmonary function. However, we believe that 
the greater complexity of bilateral procedures and the 
imperfections in currently available methods of immuno- 
suppression dictate that further clinical trials with bilat- 
eral lung transplantation be preceded by extensive lab- 
oratory studies, 

In interpreting the present experimental results, 
problems related to the canine lung transp.ant op- 
eration must be considered. Stenosis at the bronchial 
anastomosis can occur, and in one of our animals this 
appeared to contribute to decreased transplant ven- 
tilation, the development of V/Q abnormali-ies, and 
ultimately the death of the animal. In additicn, trans- 
planted lungs in animals may be subject to other path- 
ologic processes and technical imperfections, Certainly 
these could have contributed to the roentgenographic 
infiltrates and inconsistent scan and function test results 
that were occasionally observed in our autotra isplanted 
animals. Similar problems can also occur in human lung 
transplantation. In fact, ischemic necrosis of the mucosa 
of the transplant bronchus in one of our patie its (Case 
2) was the probable cause of the pneumonia which 
resulted in impaired transplant ventilation and fatal 
respiratory failure. 

In addition, there are several problems tha- relate to 
the experimental emphysema models that were used in 
the prasent studies, First was the high moctality as- 
sociated with the production of bilateral canine em- 
physema. This mortality resulted from the hemorrhagic 
chemical pneumonitis which always precedes the de- 
velopment of papain emphysema.” The lethal nature 
of this pneumonitis when it is bilateral probably pre- 
cludes the development of an animal model with severe 
bilateral emphysema. Our ability and that of others?’ 
to produce severe unilateral emphysema wth an ac- 
ceptable mortality suggests that the technic might be 
adapted to produce severe bilateral emphysema. If the 
papain is administered first to one lung and hen to the 
other, only one lung at a time would have tke chemical 
pneumonitis. In that way, the animal could always be 
sustained by the lung that was uninvolved with pneu- 
monitis. 

A second problem with papain emphysema models is 
the question of their analogy to human emphysema. The 
present findings together with the bulk of evidence pres- 
ently available indicate that papain emphysema is simi- 
lar to the human disease morphologically, bemodynam- 
ically, and functionally.?11.13.20 However, tie frequent 
association of emphysema with fibrosis and bronchitis 
in patients should be kept in mind when extrapolating 
from the animal model to the human disezse state. 
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A third problem relates to our model with unilateral 
papain emphysema. Some of these animals had em- 
physematous changes in parts of their opposite lung. 
This finding, which could help to explain some of the 
inconsistent or anomalous results on our ventilation- 
perfusion scans and differential pulmonary function 
tests, probably resulted from a spillage of papain into the 
left main bronchus due to an inadequate seal by the 
tracheal divider. This is not surprising in view of the 
well-known difficulty in achieving effective separation 
of the bronchi to the two lungs in canine bronchospi- 
rometry. This difficulty or obstruction of one or the 
other upper lobe bronchi may have also contributed to 
the anomalous results that we occasionally obtained 
on our differential pulmonary function tests. 

The fact that occasional function test or scan results 
were inconsistent or anomalous does not negate the 
overall value of the present experimental results. Rather 
it points up the complexity of the experimental em- 
physema models and the methods used in their evalu- 
ation. Because of these complexities, we are contin- 
uing to study these models which we believe will be 
useful not only in defining the role of lung transplan- 
tation in emphysema but also in understanding the 
pathogenesis and treatment of this disease in general. 


Summary 


Single lung transplantation is thought contraindicated 
in emphysema because the resulting ventilation-perfusion 
(V/O) imbalances have been considered unavoidable. 
Studies have been carried out in two groups of dogs with 
papain induced experimental emphysema to determine 
whether these V/Q imbalances were due mainly to the 
physiologic setting or to some preventable process such 
as allograft rejection. 

In one group of dogs, papain emphysema was pro- 
duced in both lungs and documented with plain chest 
roentgenograms, pulmonary function tests, whole lung 
macrosections and histologic examination. The left lung 
of three of these animals was replaced with an allo- 
graft under immunosuppression. After operation, serial 
chest roentgenograms, V/O scans and determinations 
of arterial blood gases were obtained. In the second 
group of dogs, unilateral] emphysema was produced 
in the right lung with papain. The emphysema was 
documented with plain chest roentgenograms, differ- 
ential V/Q scans, and differential pulmonary func- 
tion tests. Arterial blood gases were determined gad 
maximum venous admixture was estimated. The ani- 
mals then underwent autotransplantation of their left 
lung and were serially studied thereafter. 

After autografting and allografting, transplant per- 
fusion and ventilation decreased transiently but usually 
returned to preoperative levels, with the transplant re- 
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ceiving the majority of the pulmonary blood flow and 
being ventilated as well or better than the emphysema- 
tous lung. Arterial hypoxemia, indicative of venous ad- 
mixture and V/Q imbalance, was only present when 
the transplanted lungs had roentgenographic infiltrates 
due to rejection, infection, or the reimplantation re- 
sponse. 

Single lung transplants were performed on two em- 
physematous patients. Significant V/Ọ imbalances 
and arterial hypoxemia did not occur unless the trans- 
plant was heavily involved by rejection, infection. or 
the reimplantation response. One patient survived 6 
months with much improved respiratory function. 

Thus, single lung transplants do not produce obliga- 
tory V/Q imbalances in emphysematous recipients. 
This fact and the clear palliation afforded one patient 
help justify further cautious clinical trials with this 
procedure. 
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security you can count on 


Security from 
suture extrusion 
Because PROLENE 
Suture tolerates infec- 
tion extremely well, 
suture extrusion is 
rarely seen. 
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In contamination, 
security 

ainst bacteria 
PROLENE Suture, 
being a monofilament 
material, lessens the 
risk present with 
braided suture in a 
contaminated wound. 
The interstices of the 
smoothest braided 
suture can harbor 
bacteria; one theory as 
to why braided sutures 
encourage bacterial 
growth is that 
leukocytes can pene- 
trate the interstices 
with difficulty. 





With secure 

knot holdin 

Knots in PROLENE 
Suture hold securely 
when the operator uses 
the standard technic 
of flat and square ties, 
with additional throws 
if indicated by surgical 
circumstance and 
experience. 
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with PROLENE 
+. Polypropylene Suture 


To provide a nonabsorbable suture suitable for 
use even in the presence of infection, we have 
developed PROLENE Monofilament Suture. 
Made from polypropylene, a material of relative 
biologic inertness, the suture is undegraded by 
tissue enzymes and virtually unaffected by the 
presence oi infection. Many surgeons are now 
choosing PROLENE Suture when they need the 
reliability of a nonabsorbable in a contaminated 


or potentially cont minated field. 
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Security from 
sinus formation 
The distressingly high 
+ incidence of sinus 
formation when a 
braided suture is used 
in the presence of 
contamination is well 
known. Sinus forma- 
tion seldom occurs with 
a monofilament, how- 
ever, and is particularly 
rare with PROLENE 
sins Suture. 


Leadership in Wound Repair 


PROLENE 





TRADEMARK 


Polypropylene Suture 


when contamination threatens 


Inert as steel 
PROLENE Sutures are inert as stainless steel 
wire. In animal implants studied at intervals 
up to 60 days, PROLENE Suture appeared 
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Implant of 3-0 PROLENE Suture in rat gluteal 
muscle after 90 days. Note the minimal tissue 
response. A thin fibrous capsule, with collagen 
fibers and fibrocytes present, surrounds the suture 


(blue stippling is suture pigment). 





Holds knots with standard technic 


Surgeons using PROLENE Suture report 
excellent results using a surgeon’s knot 
squared and snugged down tight, followed 
by one reverse knot snugged down tight 
(with knots “placed” rather than “thrown”’). 


Indications—PROLENE Polypropylene Suture, 
U.S.P., may be used wherever Nonabsorbable 
Surgical Suture, U.S.P., is recommended. 
Contraindications—There are no known 
contraindications. Warning— Unused PROLENE 
Polypropylene Sutures may not be resterilized 
more than three times by the standard autoclaving 
method without loss of strength. Precaution— 

As with other synthetic sutures, knot security 
requires the standard surgical technic of flat and 
square ties, with additional throws if indicated by 
surgical circumstance and the experience of the 
operator. Adverse Reactions— Minimum transitory 
reactions have been reported. 
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grossly to be completely inert; microscopically 


the tissue showed minimal reaction in the 
form of a narrow fibrous capsule. 


Unretouched photomicrographs 90 x 
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Section of rat gluteal muscle 90 days after implant 
of 3-0 Stainless Steel Suture, photographed after 
suture had been removed. Note the fibrous band 
surrounding the implant site. 





1. Surgeon’s knot 





2. Surgeon’s knot squared 
(snug down tight) 





3. Reverse knot on top 
(snug down tight) 
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Renal Transplantation for Diabetic Glomerulosclerosis 


JOHN S. NAJARIAN, M.D., CARL M. KJELLSTRAND, M.D., 


RICHARD L. SIMMONS, M.D., THEODORE J. BUSELMEIER, M.D., 


U remia causes a significant number of deaths in pa- 
tients with juvenile onset diabetes who are between 
the ages of 30 and 40 years old.§ Most dialysis and trans- 
plantation programs, however, exclude the insulin de- 
pendent diabetic from their program. The many poten- 
tial inherent complications of these pat.ents—poor 
wound healing, steroid intolerance, and poor resistance 
to infection—place them in a substantially higher risk 
category than patients who do not have diabetes. In 
addition, their rehabilitation potential is usually small 
because of progressive retinopathy, neuropathy, entero- 


g pathy, and cardiovascular disease. 


<i 


The} predicted difficulties are all illustrated by the poor 
results described by several groups that used chronic 
hemodialysis for the treatment of diabetic renal failure. 
Blagg et al.1 have reported that eight of 12 patients started 
on hemodialysis had died within 1 year and no patient 
surviyed 2 years of dialysis. Four of the ten diabetic pa- 
tients dialyzed by Drukker et al died within a year, 
and Leonard et al.® reported that 42 insulin dependent 
diabetic patients on hemodialysis (39 months average) 
had an overall mortality of 48%. Myocardial infarction 
was the most frequent cause of death, and progressive 
retinopathy markedly interfered with rehabili-ation. 

Patients with diabetes have been routinely accepted 


' for transplantation at the University of Minnesota since 


1966. Between May, 1969 and December, 1972, two- 
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thirds of all the patients with diabetes that were re- 
ported to the NIH/ACS Transplant Registry, were trans- 
planted by üs. Our first series of 10 diabetic patients 
received both pancreatic-duodenal and kidney trans- 
plants.” The pancreatic-duodenal transplants were dis- 
continued in May, 1969. Since then another 45 kidneys 
were transplanted to 40 insulin dependent diabetic pa- 
tients for end-stage renal failure, and their results follow. 


Materials and Methods 


No formal criteria for acceptance or rejection as a 
candidate for a kidney graft was applied, but six prospec- 
tive patients were denied admittance to our program. 
Two were denied because of advanced age and four 
because of overwhelming complications of diabetes 
(neuropathy, blindness, peripheral vascular disease, 
heart failure.) Previous myocardial infarction, blindness 
or severe neuropathy were not individually regarded as 
contraindications, however, combinations of these com- 
plications usually excluded the patient as a transplant 
candidate. 

The mean age for the 40 transplanted diabetic patients 
(16 women, 24 men) at the time of transplantation was 
33.3 years (range 21-48). The mean duration of diabetes 
was 19.8 years (range 11-34). The mean serum creati- 
nine level at the time of the first dialysis (or transplan- 
tation in one case} was 14.2 mg./100 ml. (range 5.8-. 
23.6), mean predialysis blood urea nitrogen was 110 
mg./100 ml. (range 40-303). All had severe hyperten- 
sion and all but one were receiving large doses of anti- 
hypertensive drugs (Table 1). 

All of the prospective candidates, except two, were 
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TABLE 1. Characteristics of 40 Transplanted Patients with Dicbetes 
Mellitus 

Mean Range 
Age (Years) 33.3 21-48 
Diabetes duration (Years) 19.8 11-34 
Follow-up moriths 20. 4-48 
Creatinine when accepted 14.2 5.8-23.6 
BUN when accepted 110. 40-303 


All insulin-dependent 
All except one severely hypertensive 


dialyzed, and underwent bilateral nephrectomy and 
splenectomy before receiving a transplant at a later dace. 
One of the two exceptions did not recéive dialysis bežce 
bilateral nephrectomy and splenectomy. The other pa- 
tient receivéd his transplant and splenectomy as Dne 
procedure; the patient's diseased kidneys were not e- 
cised. All patients underwent a series of routine traet- 
ments and diagnostic tests. EKG, chest roentgenograms, 
visual acuity testing according to the Snellen Metkad, 
and voiding cystourethrograms were performed in N 
patients. 

Antilymphocyte globulin (10-20 mg./Kg.) was given 
all patients for 10-14 days. Imuran therapy was starzed 
at 5 mg./Kg: and rapidly tapered to 3 mg./Kg. or lesz, if 
leukopenia and thrombocytopenia ensued. Recipients of 
related donor kidneys received starting doses of pred- 
nisone at 1 mg./Kg. 1 day; recipients of cadaver kidnevs 
were started on 2 mg./Kg./day. The dosages were tap- 
ered to 4% mg./Kg. Rejection episodes were diagnosed 
by rising serum creatinine and abriormal renograms; they 
were treated with local irradiation, 1 Gm. methyl pred- 
nisolone IV for 3 days and an increase in oral Prednisone 
doses. 

The patients were hospitalized for 2-3 weeks atter 
transplantation. They were then followed on an cut- 
patient basis every other day for the first month and then 
at increasing intervals: No patient has been lost dur-rg 
follow-up. 

Biopsy specimens of the donor kidneys taken at -Fe 
time of transplant and then at 1, 2 and 3-year intervab, 
were evaluated by an independent pathology group, 
with the aid of light; immunofluorescence and electron 
microscopy. We have comipared these kidneys trans- 
planted in diabetic patients with other groups of reaal 
recipients at the University of Minnesota. The first com- 
trol group included 40 nondiabetic patients matched for 
age, sex and source of donor (cadaver or related). In 
tha diabetic patients, who were transplanted, some in- 
_ stances have also been compared to all nondiabetic >a- 
` tients transplanted by us during the same period. 


Results 


Survival: Table 2 shows that 31 of the 40 diabetic 
patiénts (78%) aré alive 4 months to 4 years after 
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TABLE 2. Survival of Transplant Rectpients with Diabetes Mellitus 
| . Patients Alive (%) 
Total 40 31* (78) 
Women 16 14 (88) 
Men l 24 17 (71) 
Cadaver Recipients 8 7 (88) 
Related Recipients 32 24 (75) 
<30 Years 9 6 (67) 
30-40 Years 26 22 (84) 
>40 Years 5 3 


(60) 


* two on dialysis 


transplantation. Eighty-eight % (seven of eight) of the ca- 
daver kidney recipients are alive, while only 75% (24 
of 32) of the diabetic patients who received kidneys from 
related donors are alive. Figure 1 shows the cumulative 
survival curve for the 40 diabetic patients. Four years 
post-transplantation 80% of the recipients of cadaver 
kidneys aré alive, while only 45% of the patients who 
received kidneys from relatives are alive. Figure 2 shows 
the cumulative survival curve for all nondiabetic patients 
transplanted by us from 1968 to 1972. There is nc differ- 
ence between the groups in the survival of cadaver kid- 
ney recipients. The significant data are that 90% of the 
nondiabetic patients who received a related kidney are 
alive at 5 years, while only 45% of the diabetic recipients of 
related donor kidneys are alive at 4 years. No correlation 
could be made between survival rate and (a) duration 
of diabetes, (b) age of onset of diabetes, (c) visual 
acuity for the best and worst eye, (d) EKG abnormali- 
ties, or (e) increasing age (Table 2). Of five gatients 
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Fic. 1. Cumulated. survival of diabetic recipients after renal 
transplantation (1969-1972). For related donor recipients, the 
total survival was 75% but the cumulated 3% year survival was 
only 40%. Many late deaths occurred in this group. The total 
survival of diabetic recipients receiving cadaver. donor kidneys 
was 88%. The cumulated 3-year survival was 80%. Dialysis may 
act as a selection of “biologically fit” diabetic recipients waiting 
for long period of time for a cadaver kidney, only the “best” 
survive to be transplanted with a cadaver kidney. 
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Fic. 2. Cumulated survival of nondiabetic recipients age 15 to 
45 years that were transplanted by us between 1968 and 1972. 


‘ The results following cadaver transplant is approximately the 


same as for diabetic patients. The result following related 
transplants are markedly superior in the nondiabetic recipients 


(compare ta Fig. 1). 


over the age of 40, two are dead, and are thus not differ- 
ent from the patients below 40. However, of the three 
surviving patients over age 40, one has had two serious 
myocardial infarcts and one was hospitalized for 4 
months aiter transplantation because of blacder com- 
plications. Sex of the patient was well correlated with 
survival; 16 women, only two (12%) are dead, but for 
24 mem seven (29%) are dead. Thus, diatetic men 
have twice the death rate of women in our series. This 
is no different in nondiabetic patients. 


Causes of Death: 


Table 3 shows that nine patients with diaketes have 
died since receiving kidney grafts. Three deaths were 
caused primarily by fatal infections. Two pacients had 
“pure” infectious deaths; overwhelming Herpes Simplex 
in one and pseudomonas septicemia in another. The third 
patient was dying of pneumonia when she developed a 
myocardial infarct and arrest. Myocardial infarcts were 
the primary cause of three other deaths. Urological prob- 
lems caused the deaths of two other recipients In one of 
these patients a paralyzed neurogenic bladder secondary 
to diabetes contributed to death that was caused by a 
combination of repeated rejection episodes and urinary 
tract infections. The second patient lost his second trans- 
planted kidney because of a cystotomy rupture which 
led to repeated infections and marasmus on dialysis and 
ultimately death. One patient with ongoing severe chronic 
rejection committed suicide. 

Kidney Function: Of the 45 transplants to 40 recipi- 
ents 16 have ultimately failed. Table 4 depicts the 
absolute loss of these kidneys according to donor source 
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TABLE 3. Causes of Death in 40 Kidney Transplant Recipients wiih 
Diabetes Mellitus 
Myocardial infarct 3 
Infection 3* 
Urological Complications 2 
Suicide 1 





* One patient also had myocardial infarct 


and first and second transplants. Figure 3, shows the 
cumulative loss rate of these kidneys, calculated accord- 
ing to the method of Merrell and Schulman.® Table 5 
summarizes the causes of the 16 kidney losses. Eight 
kidneys were lost because the recipient died of causes 
other than graft rejection, although one patient did have 
evidence of severe chronic rejection, and another had a 
neurogenic bladder. Three kidneys were lost because of 
ureteral necrosis and one kidney was lost because of a 
bladder rupture. One of these latter patients died fol- 
lowing the loss of his kidney. Arterial thrombosis caused 
the loss of one graft and three losses were due to chronic 
rejection. 

Of the ten primary related grafts that were lost (Table 
4) six were due to death of the patients, two were 
caused by rejection, and ureteral necrosis and arterial 
thrombosis each caused one death. The three primary 
cadaver kidneys were lost due to the death of one pa- 
tient, ureteral necrosis in another, and rejection of the 
graft itself in the third patient. One related kidney, which 
was a second graft, was lost due to the death of the pa- 
tient. Two second cadaver kidney grafts were lost, one 
because of bladder leak and one because of ureteral 
necrosis. 

The renal function and blood pressure in the surviv- 
ing patients is summarized in Table 6. The mean creati- 
nine level in the 23 diabetic patients who presently have 
functioning related kidneys is 1.3 mg./100 ml. (range 
0.6-2.5). Only one patient has creatinine equal to or 
higher than 2.0 mg./100 ml. The corresponding figure 
for the control kidneys matched for age and sex and 
source of kidney is 1.2 mg./100 ml. (range 0.8-2.0). Also, 
in this group one patient has a creatinine level of 2.0 
mg./100 ml. Of the six patients who presently have func- 
tioning, cadaver grafts and diabetes the mean creatinine 
is 1.1 mg./100 ml. (range 0.8-1.4). The figures in the con- 


TABLE 4. Effect of Donor Source on Kidney Functional*Survival in 
Patients with Diabetes Mellitus 


First Transplant 


Donor Source Functioning 
Related 23/32 
Cadaver 5/8 

Second Transplant 
Related 1/2 
Cadaver 1/3 


gmas Cocover Kidneys 


(6/11 functioning) 
krelated Kidneys 
(23/34 functioaiag} 


Functioning Kidneys (%) 
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Years Post Transplant 


Fic. 3. Functional survival of kidneys transplanted into diabetic 
recipients (1969-1972). The early loss rate of cadaver k:dneys 
is higher than the related kidney loss. The ultimate resuks are 
approximately the same, because of more late deaths cemsong 
the n recipients who received a related kidney (comoare 
Fig. 1). 


trol group are exactly the same. The diabetic patients 
with related kidneys underwent 12 rejection episodes, 
versus eight in the control group. No patient had ore 
than two rejection episodes. In the cadaver donor group 
six diabetic recipients experienced five rejection episades 
versus two in the control group. No patient experienzed 
more than two rejection episodes. There was no difer- 
ence in blood pressure between the diabetic patient group 
and the matched controls. The mean blood pressure in 
the diabetic group was 123/74 mm. Hg (range 100-130/ 
60-100 ). The corresponding values in the matched ncr- 
diabetic control group were 121/80 mm. Hg (range 36- 
150/60-100). The same amounts of antihypertensive 
drugs were given in the two groups. 


Complications 


Table 7 summarizes the complications following trans- 
plantation that appeared in the patients with diabetes 
mellitus. 

Myocardial Problems: No less than six of the 4C sa- 
tients with diabetes have experienced myocardial infarcts 
after transplantation. A myocardial infarct was the direct 
cause of death in three cases, and it contributed to death 
in one patient who died of pneumonia. In addition, two 
patients, both over 40 years of age, have had severe but 


~ 


TABLE 5. Causes of Loss of Kidney in 40 Recipients with Diatetes 
Mellitus 


Death of patient 
Rejection 

Urological complication 
Arterial thrombosis 


wh ye Car OO 
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TABLE 6. Functional Results* in 29 Patients with functioning 








Kidneys 
Matched Nondiabetic 
Diabetic Patients Control 
Creatinine 
mg./100 ml. 1.3 (0.6-2.5) 1.2(0.8-2.0) 
Rejection 0 59 (0-2) 0.34 (0-1) 
Blood pressure 123/74 (100-160/60-100) 121/80 (96-150/60-100) 


* Results expressed as mean followed by range in parenthesis 


nonfatal myocardial infarcts. The EKGs of all pa- 
tients were reviewed to determine if any of these infarcts 
could have been foreseen. The charts were also reviewed 
for history of angina. Thirteen patients had normal EKGs 
but three had experienced infarcts after transplantation. 
In 12 instances the EKG was interpreted as showing left 
ventricular hypertrophy; two of these patients experi- 
enced mvocardial infarct. In 12 other instances there 
were nonspecific S-T changes on the EKG; one of these 
patients died cf myocardial infarct. Two EKGs did show 
evidence of previous myocardial infarct, but none of 
these patients had any postoperative coronary problems. 
Although five patients gave a history of chest pain upon 
exertion, none had any further problems after trans- 
plantation. Apparently, the EKG and history of angina 
are not reliable indicators of myocardial problems after 
transplantation. 

Urological Complications: Urological complications in- 
creased after transplantation and resulted in loss of four 
kidneys. Three losses were due to ureteral necwosis and 
one was caused by a bladder leak. Ureteral necrosis oc- 
curred in three of 45 diabetic transplants, but only in 
four of 251 nondiabetic transplants. A bladder leak was 
noted in four of 45 diabetic transplants, a complication 
which occurred in only two of 251 nondiabetic trans- 
plant recipients. In addition, one graft in a diabetic 
patient developed a neurogenic bladder. This patient had 
a voiding cystourethrogram showing some residual 
urine, but so did ten other diabetic patients who did not 








TABLE 7. Complications in Diabetic Transplant Patents 
After Transplant 
Present No . 
before Clinical 
Complicetion Transplant Problem Same Worse New 

Residual urine 10 9 1 0 
Bladder leak 0 4 
Ureteral necrosis 0 3 
Myocardial infarcts 2 2 6 
Severe peripheral 

neuropathy 7 7 0 
Severe peripheral 

vascular disease 1 1 6 
Severe ketoacidosis 14 1i i 


Severe hypoglycemia 16 16 
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develop a similar problem. The very high inddence of 
urinary complication 17% (eight of 46) is in merked con- 
trast to the 2.4% (six of 251) that occurred ir the non- 
diabetic transplant patients. Particularly, ureteral necrosis 
was the most detrimental as this complication always 
led to loss of the kidney. Contrarily, three of four bladder 
leaks healed after conservative managemen: and re- 
peated surgical interventions which required prolonged 
hospitalization. 

Visual Acuity: The visual acuity of our diabetic re- 
cipients that we have followed for more thar: 4 months 
has been previously described.> Only one-half of the pa- 
tients had eyesight better than 20/100 when grafted, 
and little change occurred after transplantaticn3 Stabili- 
zation of vision after transplantation may >e due to 
photocoagulation which many of the patients received. 
However, most of the loss of eyesight occurred in the 
year immediately before transplantation. W2 feel this 
may be due to the added insult of hypertensive retinop- 
athy and uremia in combination with the diabetic retinop- 
athy. It would probably be best to transplant the diabetic 
patient before his uremia is too severe, to determine if 
eyesight at that stage of regression can be preserved. 

Neuropathy: Electromyography revealed peripheral 
neuropathy in all our patients with diabetes Following 
transplantation, no clear change had occurred on these 
electrophysiological examination results, although, clin- 
ically all patients have improved considerably. Seven pa- 
tients had severe weakness and atrophy in the legs be- 
fore fransplantation, and, three were bedridden post- 
transplantation. One of these was parapalzgic before 
transplantation. No patient remained bedridden after 
transplantation and the parapalegic patient -mproved to 
walking with a cane; the other patients could walk with- 
out any support. None of the patients who cid not have 
evidence of severe neuropathy or marked w2akness pre- 
transplantation, have deteriorated after grafting. 

Eight patients had evidence of autonomic neuropathy 
with severe gastroenteropathy before transplantation. 
These patients had large dilated stomachs, vomiting, re- 
gurgitation, diarrhea, and constipation. These symptoms 
improved in all and only one patient remained sympto- 
matic. This patient died of uremia following chronic re- 
jection, and repeated infections, eight months after trans- 
plantation. 

Peripheral Vascular Disease: Many patients had dif- 
fuse calcification of their vessels but only one patient 
developed peripheral (finger tip) necrosis vefore trans- 
plantation.? Post-transplant two other patierts developed 
finger tip necrosis. All these patients had erteriovenous 
side-to-side fistulae. A vascular steal syndrome may ac- 
count for the necrosis because no complizations have 
occurred in the patients who had either the distal artery 
tied after fistulae formation, or in a patient who had a 
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shunt. Three patients developed necrosis of some toes 
that required limited toe amputation. Two patients lost 
both their hypogastric and external iliac arteries because 
of thrombosis in the artery after transplantation. One of 
these patients developed gangrene of several toes and 
the other patient has severe intermittent claudication. 

Diabetic Management: There have been no episodes 
of ketoacidosis post-transplantation. A few minor epi- 
sodes of hypoglycemia have occurred but none have re- 
quired hospitalization nor glucagon. Generally, the pa- 
tient’s insulin requirements decreased with progressive 
renal failure. The mean insulin dose immediately before 
nephrectomy was 38 units/day decreasing to 32 units/ 
day after bilateral nephrectomy. The requirement then 
rose dramatically following transplant, to 52 units/day 
at one month, and 77 units/day 1 year post-transplant. 

Absence of Recurrent Disease: There has been no evi- 
dence of recurrent diabetic nephropathy in the trans- 
planted kidneys. Ten l-year biopsies, six 2-year biopsies 
and two 3-year biopsies have been interpreted by an 
independent pathology group as only showing mild rejec- 
tion. There was no evidence of diabetic nephropathy. 
Secondary complications of diabetes contributing to renal 
failure, hypertension, or urinary tract infections have 
not been a problem different from that in the nondiabetic 
patients. 


Rehabilitation: (Table 8) Three men with diabetes, 
and a new kidney, have fathered children. One diabetic 
woman became pregnant 2 years after transplantation 
and was delivered through a cesarean section. Both 
mother and child are well. There are no congenital ab- 
normalities of any of the children. Of the present 29 pa- 


tients with functioning kidneys, 20 are totally rehabili- 


tated in that they are independent, either managing 
homes and/cr have returned to their original employ- 
ment. Seven are partially rehabilitated and require some 
support, and two are not rehabilitated at all. Two pa- 
tients are on dialysis after graft failure. 


Discussion 


The results of renal transplantation for the treatment 
of diabetic nephropathy are markedly better than 
those reported for chronic hemodialysist5-671° although 
these results may have improved of late.11° Until these 
results of dialysis have been better documented, how- 
ever, transplantation is the treatment of chdice for the 


diabetic patients with renal failure. 7 


TABLE 8. Rehabilitation of 29 Diabetic Patients with Functioning 


Grafts 
Total rehabilitated 20 (69%) 
Partially rehabilitated 7 (24%) 
No rehabilitation J ( 7%) 
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Nevertheless, the diabetic patient with renal failure is 
truly a high risk patient. The death rate following 
transplantation to diabetic patients is twice that o? the 
death rate in nondiabetic patients. The high incidence 
of late cardiac deaths is particularly discouraging. 

Diabetic patients are more complicated in other ways 
as well. During dialysis they reveal an increased ten- 
dency toward fluid retention, and hypotensive episodes 
during ultrafiltration are common.’ Shunts are difficult to 
construct and maintain since arteriosclerosis is more 
severe. Complications of fingertip necrosis have occurred 
after fistula formation, presumably because of a vascular 
steal syndrome.? During transplantation the iliac arteries 
are difficult to use and frequently require endarterectomy 
to obtain an adequate hypogastric or common iliac artery 
for anastomosis. Careful attention to hemostasis is im- 
portant, because postoperative hematomia formation 
markedly increases the risk of infection. 

After transplantation the two major complications ere 
myocardial infarction and urinary tract leaks. We Fave 
tried to determine if it is possible to predict which pa- 
tients will have postoperative coronary occlusions by ve- 
viewing their EKG and previous history of angina. Un- 
fortunately, we have not found any pretransplantazion 
indicators that can reliably foretell success or failure. Fe- 
views of EKGs or histories of chest pain have not ken 
able to foretell later myocardial catastrophe. We kaye 
found no indicators of later peripheral vascular prob- 
lems, either. 

There may be several reasons for the high incidenze 
of urologic complications in these patients. Marked cs- 
motic diuresis due to steroid induced glycosuria in the 
early post-transplant period may lead to distension bf 
the diabetic patient’s bladder. If the Foley catheters aze 
removed in the third postoperative day, as is usually 
the case in our nondiabetic patients, the bladder may 
become overdistended and contribute to rupture. Con- 
sequently, this complication should be obviated by leav- 
ing the Foley catheter in several days longer until be-t2r 
healing has occurred, and the diuresis is not as excess-vs. 
Ureter leaks occurred in three of 46 transplants. In two 
instances the entire length of the ureter was necratic 
within 2 to 8 weeks following transplant. It is possib-e 
that the normal transplant ureter fails to obtain its. tctal 
blood supply from the kidney and must rely on collateral 
blood supply from the adjacent pelvic tissues. In -ke 
diabetic patients small vessel disease may prevent rapid 
collateral circulation from developing, thereby predispo3- 
. ing to ureter necrosis and leakage. ; 

Even though the above complications can cause 
discouraging results the transplanted patient with dic- 
betes mellitus can be rehabilitated. Diabetes is readily 
controlled despite the use of steroids; primary wound 
infections are rare and diabetic neuropathy and gast-c- 
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enteropathy have improved to the asymptomatic state 
following trarsplantation. These encouraging findings 
suggest that many of the symptoms of advanced dia- 
betes may be due to uremic overlay on a basically asym- 
tomatic diabetic process. So far there is no evidence of 
continuing severe hypertension, recurrent infection or 
deterioration of vision after transplantation. 

Our present plan is to transplant the diabetic patient 
before severe uremia to investigate if better preservation 
of eyesight will occur. We now try to transplant the dia- 
betic patient when the creatinine is only 6 to 8 mg./100 
ml. instead of the previous transplant level of 14 mg./100 
ml. This strategy may well reduce the pretransplant 
mortality as well. 

The original concern was that recurrence of Kimmel- 
stiel-Wilson disease would lead to early renal deteriora- 
tion but his consequence has not been born out by 
transplant biopsies taken up to 3 years after transplanta- 
tion. However, the diabetic person lives with the disease 
for a mean of 20 years before end-stage renal failure 
becomes life threatening. Therefore, even if the diabetic 
renal disease ultimately recurs, it may be as long as 20 
years before the new kidney is affected. 

It is interesting to note that women do twice as well 
as men following transplantation. This may be due to 
the more advanced atherosclerotic disease in men, which 
would accentuate the progressive vascular disease of 
the diabetic. 

Several logistical and ethical questions remain to be 
answered. If late deaths continue to occur, even When a 
related kidney has been used, the question of transplan- 
tation from a living donor has to be reconsidered, On 
the other hand, if it is felt that using a living related 
donor is not ethically justified, is it logistically sensible 
to let the diabetic patient compete with a nondiabetic 
(and therefore a better risk) patient for cadaver kidneys, 
always in short supply? It will require a few more years 
until the therapeutic value of renal transplantation in 
patients with diabetic glomerulosclerosis is definitely 
answered. 


Summary 


l. Forty patients with end-stage diabetic renal disease 
received 45 renal transplants at the University of Minne- 
sota. Thirty-one patients are alive and 29 have good 
renal function. 

2. There is no evidence of recurrent diabetic renal 
disease up to 4 years post-transplant. 

3. Eyesight stabilizes following renal transplantation 
and diabetic-uremic neuropathy, gastroenteropathy, and 
bladder dysfunction tend to improve. 

4. Though insulin requirements are increased after 
transplantation, the management of the diabetes itself 
is not a proklem. | 


* 


< 


“A 
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5. Urological problems and myocardial infercts iri- 
crease in diabetic recipients, when compared to non- 
diabetic transplant recipients. _ 

6. Diabetics are better candidates for renal transplan- 
tation than for hemodialysis. Diabetics shoule not be 
categorically excluded from the benefits of reral trans- 
plantation. 
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Discussion 


Dr. Joen R. Benrietp (Los Angeles): If we recall the past 
15 years of lung transplantation research during wh ch time the 
focus has advanced from re-implantation to allograftmg, the ulti- 
mate test for graft has always been how well they heve sustained 
life in the face of impaired function on the contralateral side. __ 

Dr. Veith has beautifully shown us how his group Fas tested the 
ability of lung grafts to sustain life in humans and iri dogs with 
contralateral emphysema. a 
~ I would like to ask Dr. Veith whether or not degs with uni- 
lateral papain emphysema will tolerate contralateral pneunionec- 
tomy and whether he can define for us what is meant by mild, 
moderate and severe papain emphysema. 

I think it is important to have this informatior in order to 
understand the contribution of the trarisplant to the sustaining of 
life. i 
A little over 3 years ago, Dr.- Charles Wildevuur of the Uni- 
versity of Grongingen in The Netherlands and I were privileged to 
obtain the cooperation of 20 lung. transplant surgeoas throughout 
the world to allow us to pull together what had been learned from 
their 23 clinical trials: | — » 
_ Dr: Veith is tö be congratulated upon the progress he has made 
in the intervening time. However, the fact remains that the clinical 
results of 32 tiials by 22 surgeöns to date have lagged far behind 
kidney grafting as so nicely shown us by Dr. Najarian.  .. 

*One cannot help but wonder whether it is indesd possible to 
accomiplish successful lung transplantation in humais with accept- 
able regularity. a l 

Dr. Michael Peter working in our laboratory nas compared 
rejection rate arid causes for failure in lung grafts s compared 
to kidney allografts. This has yielded evidence that the rejection 
rates of these two organs are essentially the same and from this 
we can infer that it is possible to obtain similar results with lung 
transplantation as with kidney grafting. However, failing lung 
transplants were more rapidly lethal than failing eral allografts 
for a variety of reasons, inchiding the lung’s inherent fragility and 
its non-specific response to injury. 

Therefore, through the application of immunoassay technics, we 
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have directed our efforts at learning to prevent the secondary 
lethal pulmonary. injury or sequelae of rejection. . 

On my only slide I thought it would be interésting to look at what 
has happened in the past 3 years in our laboratory. If we look at 
the duration of survival and graft function in three éxpdrimental 
groups, we see that the mean survival has increased 14.7 days in 
monzrel recipients in 1970 to over 65 days in a currerit group of 
inbred beagles in which the mean duration of graft function is 49 
days. I present these data only to show that the results in lung 
transplantation laboratory are now better than the results in canine 
renal allografting when kidney transplantation emerged into the 
clinical arena in the early 1960's. 

In summary, I have tried to make two points. First, we now 
uriderstatid lung allograft rejection better than in the past and 
there. is reason to believe that we can therefore combat it more 
effectively than previously. | 

Secondly. (our graft function arid recipient survival data in the 
laboratory are row quite respectable, considering the difficulties of 
canine preparations. These two points have recently become clear 
and they are among the seasons that I now feel that we can now 
achieve successful human lung transplantation and Di. Veith has 
showed us some of his efforts in that diréction this morning. 

We feel somewhat different from Dr. Veith with regard to the 
selection of patients, and our efforts at the present time are going 
to be nee taward patients with restrictive lung disease, there- 
after planning to proceed to patients with emphysema. 

I congratulate Dr. Veith on his fine presentation, and I would 
like to urge that laboratory clinical efforts in lung transplantation 
continue until success is achieved. $ 

Dr. Ricwarp E. Witson (Boston): I congratulate Dr. Na- 
jarian’s group on their really pioneering efforts because they/have 
convinced many of us who do transplants that it is in fact justified. 
to perform renal allografts in diabetic recipients. We have a much 
srhaller series but certainly confirm his findings. I wish to make a 
couple of comments. 

_ First, an important philosophic one. I think that bliridness in 
the patient should not be a contraindication to performing a graft. 
In fact, rehabilitation may be much easier in a blind patient who 
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does not have to be dialyzed three times a week, thus not aking 
him so depéndent on the people around him if he has a fumction- 
ing graft. Many of our blind patients have certainly appreciated 
getting a functioning kidney. One of them is back in college. 
Another one has a paying job and I think this is very impor=ant. 

We have also found that the insulin requirement does act in- 
crease after the transplant in most of our recipients as brg as 
they have good function. However, the treatment of rejection 
poses a serious problem in the management of the insulin recuire- 
ment and the urinary level of sugar is not of value in mcst of 
these patients. They often have 4 yery high threshold, ard it is 
important to get frequent blood sugar determinations. 

I am sure Dr. Najarian would agree that rejections become a 
difficult problem in management. I believe there would ‘b= an 
increased incidence of sepsis if the blood sugar level is allowed to 
get too high. et 

There is another point which Dr. Najarian made, that E think 
it is very important to stress. A few years ago in the literatcre a 
mythology arose about the need for living donors for dichetics 
because the risks of rejection were higher, etcetera. He skowed, 
for whatever reason, that living donors are not essential. Our own 
experience has been that with cadaver donors, particularly when 
simple things such as pre-senisitization to non-specific cytotoxin: are 
eliminated, we provided excellent long survival; as good as living 
donors. Certainly cadaver donors do not have to be eliminatsc. for 
diabetics. 

Finally, we also have not seen any evidence of Kimmelstiel- 
Wilson recurrence in the two or three long-term survivals thar we 
have, One of our patients, who was probably one of the earl e:t to 
be transplanted, had a cadaver kidney first, rejected it, anc “hen 
had a second transplant. The removed kidney did not show any 
evidence of K-W disease. 

We have not felt the need for associated pancreatic tran:plant 
in these patients because the insulin requirement has not b3en a 
major problem in our transplants. 


Dr. Frank J. Verra (Closing): I would like to thank Dr. Een- 
field for his kind remarks and I will try to answer his questions. 

First, we have not tried to perform contralateral pneumonec- 
tomy in the dogs with emphysema in one hing. The dogs do not 
tolerate well even the short period it takes to transplant their 
normal lung. Furthermore, when any disease such as rejectiar or 
infection develops in their non-emphysematous lung, the dog: iare 
very poorly as far as their overall respiratory status is concecred. 
Thus, I believe that they could not tolerate a conttalateral preu- 
monectomy, but we have not tried it. . 

Second, to define the severity of the experimental emphyse-na, 
we use the criteria of Takaro. Whole lung fume-fixed macrosec- 
tions are made and compared against a set of standard Iung 


NAJARIAN, KJELLSTRAND, SIMMCMS, BUSELMEIER, HARTITZSCH AND GOETZ Ann. Surg. + October 1973 


macrosections to allow objective grading of the severity of our 
experimental emphysema. . 

The mest severe emphysema that we have produced in the dog 
is severe, but it is not quite as severe as that which occurred in 
our emphysematous patients that camie to transplantation. This is 
one of. the problems with interpreting our experimertal results, 
We are, therefore, continuing this work and trying to produce 
more severe unilateral experimental emphysema. 

Third, I would like to comment on Dr: Benfield’s remarks on 
the rates of lung allograft rejection. I am pleased to know that 
his work shows that lung allografts reject at the same rate as 
kidney allografts. However, we must all remember that the func- 
tion of human lung transplants is more critical than that of renal 
transplants. The patient is living entirely on his transplanted hing, 
and he can tolerate rejection in that lung far less well than can 
the kidney transplant recipient who can always be maintained on 
dialysis. 

Lastly, we too feel that patients with restrictive disease are 
the ideal ones to transplant. However, patients with restrictive 
disease, who are sufficiently ill but will live long enough for one to 
find a donor, ate extremely rare. Most of the patients that 
presently are sick enough to justify lung transplantation have 
emphyseme. | 


Dr. Joun S. NAJaRIAN (Closing): I agree wholeheartedly with 
Dick Wilson that the blind patient with diabetes is an excellent 
patient to rehabilitate. By the time the diabetic becomes blind 
he has learned to control his diabetes; four of five of our own 
blind diabetic patients can measure their insulin dosage and 
their urine sugars. They have a tremendous potential for re- 
habilitation, as. illustrated by the totally blind diabetics we have 
transplanted—all are either gainfully employed or maintaining 
their homes. VEA 

Blood sugar levels are important to follow in these patients, but 
the urine sugar levels will not be of value to you. Extrerne degrees 
of hyperglycemia must be avoided, although they can occur with 
the high doses of steroids given to these patients. 

Our living related donors are assiduously screened at our clini- 
cal research -center for any signs indicating a prediabetic state. 
We have performed three living related donor transplants to every 
cadaver donor transplant in this series, compared to our usual two 
related donors and one cadaver donor ratio for patients without 
diabetes. We have used more related living donors in this series 
because diabétic vatients do so poorly on dialysis, and therefore, 
cannot wait a long time for cadaveric kidneys which are always in 
short supply. Of the 50 patients I mentioned today, ten died before 
they were ever transplanted; they were on dialysis waiting for a 
cadaver kidrey to become available. 
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E NDOGENOUS HYPERINSULINISM and its surgical correc- 
tion has been the subject of numerous recent re- 
ports,*-57.16,20.23,84 Tt ig not our intention to add another 
description to those which already outline, carefully and 
well, the surgical correction of hyperfunctioning islet cell 
tumors of the pancreas: It is the purpose of this report to 
develop a few special considerations which have arisen 
in our care of 35 patients, aged 13-74 years, wth endog- 
enous hyperinsulinism in the 13-year period, 1960-1972. 
Thirty-two of these patients have been. treated since 1965 
enabling us to obtain experience and form convictions on 
the role cf modern innovations in diagnosis, preoperative 
evaluation and pathology underlying pancreatic hyperin- 
gulinism. This experience has influenced ouz attitudes 
concerning contemporary efficient surgical management 
of endogenous hyperinsulinism. 


Diagnosis 


Soon after Wilder’s initial description of functioning 
islet cell carcinoma? and Graham’s initial cure of en- 
dogenous hyperinsulinism following removal of a soli- 
tary hyperfunctioning islet cell adenoma,!8 the diagnosis 
of hyperinsulinism became suspected in amy situation 
of hypoglycemia in which the ‘clinical im>ression of 
fasting nypoglycemia was confirmed. by m2asurement 
of a blood glucose level less than 50 mg.,100 ml. A 
third feature considered to be of clinical importance 


was the relief, following the ingestion of glucose, of the 
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frequently bizarre central nervous systems. These three 
features were set forth most vigorously by Whipple* 
and constituted, ‘Whipple’s Triad’ which has remained 
inescapably welded to surgically oriented diagnostic 
thinking to this day. ` 

Whipple’s Triad is not specific for patients with hy- 
perinsulinism due to pancreatic islet cell disease as it 
may occur in patients with other types of hypoglycemia. 
Furthermore, ‘five of our last 32 patients (16%) with 
hyperinsulinism had overnight fasting blood glucose 
levels above 60 mg./100 ml. during the first 5 days 
of study.12 The advent of the radioimmunoassay for 
plasma insulin® has refined the specificity and precision 
of the diagnosis of endogenous hyperinsulinism from 
hyperfunctioning islet cell lesions. Current diagnostic 
criteria take advantage of concentrations of plasma 
insulin and coincident blood levels of glucose after an 
overnight fast, or after prolongation of the overnight fast 
for as long as 14 hours or more. One patient required a 
fast of 31 hours before an abnormal glucose insulin 
ratio could be demonstrated. Changes in levels of 
plasma insulin and blood glucose after administration 
of tolbutamide, leucine and glucagon have been de- 
scribed before®1°13:15 and are the subject of a more re- 
cent report from this institution’? which defines our cur- 
rent diagnostic criteria in this disease. Because it is 
available elsewhere, we shall not review the diagnostic 
data on our patients in this report. We do wish to em-° 
phasize that the crux of the diagnosis of endogenous 
hyperinsulinism lies in demonstrating coexisting fasting 
hypoglycemia and absolute or inappropriately elevated 
plasma insulin, a circumstance which connotes that in- 
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sulin release is occurring autonomously with resp2ct to 
the physiologic stimulus provided by the concorxtant 
level of blood glucose. Whereas in the majority cf our 
patients (81%) an absolute elevation of the p-asma 
level of immunoreactive insulin with coincident rpo- 
glycemia has been an important diagnostic point, ir all 
patients inappropriately elevated levels of plasma in- 
sulin in relation to the prevailing blood glucose level 
could be demonstrated by the fifth day of study. In 
many patients exaggerated increases in plasma insalin 
in response to the various provocative stimuli ren- 
tioned above has provided important diagnostic aid. In 
a few patients, abnormal elevation and/or prolongation 
of stimulated insulin increase after provocative stimuli 
has been of critical aid to the diagnosis as in one o? our 
patients who, over a 4-year period, had diagnostic 
studies repeated on five occasions before the diag-osis 
of hyperinsulinism could be made with sufficient cdn- 
viction to justify exploration. This lesion proved to b2 a 
multi-centric islet cell carcinoma in a patient fror a 
family with multiple endocrine adenomatosis. 

The differential diagnosis of fasting hypoglycemia 
has, for some time, been recognized to include a variety 
of diagnostic possibilities other than primary panzre- 
atic islet ‘beta cell’ lesions, Among these other diagnos- 
tic possibilities are nonpancreatic tumors associated with 
hypoglycemia, patients with diffuse and extensive l-ver 
disease as well as those with anterior pituitary hypo- 
function and adrenal cortical hypofunċtion. In addi- 
tion to these, a variety of specific hepatic enzymatic 
defects, alcohol hypoglycemia and a_heterogenesus 
group of entities termed ‘idiopathic hypoglycemia of 
infancy and childhood’ all occur with no consistert_y 
recognizable anatomical defect in the pancreas krt, 
nevertheless, with marked, relentless hypoglycemia. 
Factitious hypoglycemias are also well known. In in- 
fancy and childhood some patients with ‘idiopathic 
hypoglycemias’ also have inappropriately elevated lev- 
els of plasma insulin and pose the greatest problem 
in differential diagnosis. These and other entities to be 
considered in differential diagnosis have been described 
in greater deatil in previous reports from this institu 
tion.” 

These few remarks concerning the diagnosis of e 
dogenous hyperinsulinism and the differential diagnosis 
of hypoglycemia which may be brought on by fastirg, 
should be sufficient to indicate that Whipple’s Triad, 
although of undeniable historical interest; is useful ir. 
-our current thinking concerning hyperfunctioning Ie- 
sions of pancreatic islets, only in the sense that it 
brings patients with fasting hypoglycemia, from ary 
cause, under the detailed scrutiny of current specific 
diagnostic technics. 
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Solitary Islet Cell Adenomas 


By far the most common lesion, occurring in 25 of 
our 35 patients, was solitary islet cell adenoma. These 
lesions were symmetrically distributed through the en- 
tire pancreas, Figure 1. Twenty-four of these lesions 
were removed and verified histologically. One lesion, 
never found, is presumed to be a solitary adenoma in a 
15% pancreatic remnant. In one patient a carotid body 
tumor was discovered and removed at a subsequent 
operation. 

Angiography, selective and superselective, has been 
pursued aggressively by us since: 1964?25 and has dem- 
onstrated solitary lesions in nine of 21 patients, 43%, 
with histclogically verified solitary adenomas in whom 
this localizing procedure was used. 

Four patients with solitary adenomas had lesions 
which were not palpable, Figure 1. Angiography had 
been used in three of these patients and demonstrated 
the two lesions which were subsequently removed by 
us. These two patients with non-palpable adenomas had 
pancreatic explorations performed in other hospitals 
previously and these were unsuccessful in locating the 
adenomas. They had not undergone selective arteriog- 
raphy until their referral to our hospital. One presumed 
non-palpable adenoma was not visualized angicgraphi- 
cally and was not found in the course of an 85% blind 
distal pancreatectomy we performed. Since the con- 
centration of proinsulin in her peripheral plasma was 
elevated,2® the diagnosis of an islet tumor seems as- 
sured. This patient did not wish further operati$n and 
has been easily controlled for six years with Diazoxide 
and Trichlormethiazide.1! She is fully active and not 
inconvenienced by the disease or its treatment it and there 
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Fic. 1. The location of 24 histologically verified solitary adenomas 
is shown. The smallest lesion measured 1 X 1 X 3 mm and the 
largest was 2.50 cm in diameter. 
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has been no reason to advise further operation. The 
fourth non-palpable solitary adenoma was found in the 
body of an 80% distal (tail, body and neck) pancreatic 
resection early in our experience before ang-ography 
was available to us. Palpation of the reassembled speci- 
men directly after its removal did not reveal this 1 cm. 
diameter lesion even after its location had been iden- 
tified visually on sectioning the specimen. 

Of the two broad gross morphologic types of soli- 
tary adenomas, white firm tumors and softer >urple or 
reddish-brown lesions, the non-palpable lesions have 
appeared in the latter group. Neither morphologic 
type has been distinctly the more angiog-aphically 
identifiable. In the 25 patients with solitary adenomas 
simple excision of the adenoma was performed in 12 
and pancreatectomy, 50-90%, was performed at our 
primary operation in 13 patients. 

Other than operative complications which will be 
reviewed subsequently, these patients have Jone well 
following removal of their solitary adenomas and, with 
one exception, have exhibited no serious metabolic 
problems such as diabetes or recurrent hyper-nsulinism. 
This exception, a patient with a 90% pancrzatectomy, 
has been diabetic for the two years we followed him 
after the operation. 


Microscopic Adenomatosis with or without 
Macroscopic Tumors 


Four of our 35 patients with hyperinsulintsm proved 
to haye pancreatic adenomatosis, F igure 2. _n none of 
these four patients has there been any reason to suspect 
the presence of multiple endocrine adenomatosis. In 
one patient with severe fasting hypoglycemia the dis- 
ease was microscopic, being first apprecia~ed by the 
pathologist on examination of the permanen- histopath- 
ologic sections of an 80% distal pancreatic resection, 
Figure 3. The surgeon had found no abnormality of 
the pancreas when he removed it. This patient was 
the first in this series and it is now 13 yeazs since the 
operation. She is doing perfectly well and requires no 
special diet and remains euglycemic after fasting for 
72 hours. 

Two other patients with well defined autonomous 
hyperinsulinism had, at initial exploratory speration at 
oar hospital, adenomas that sufficiently explained the 
findings. One adenoma was non-palpable :n a patient 
whose pancreas had been explored elsewher2. These two 
patients’ adenomas had been identified by angiography 
preoperatively. The adenomas were removed. Within 2 
weeks it was clear tht hyperinsulinism had recurred. 
Several months later, when no lesion was palpable at 
re-exploration, 80% distal pancreatectom7 was per- 
formed. Both patients had multiple lesions, three to six 
in number, visible in the resected pancreas. Subse- 
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quently myriads of microscopic adenomata were seen 
on examination of permanent sections. These micro- 
adenomata were distributed through all sections of the 
resected pancreas along with other islets which were 
perfectly normal in microscopic appearance and size. 
One of these two patients was profoundly hypoglycemic 
before the first operation with intermittent coma and 
had an excessively high plasma insulin. Symptoms and 
blood glucose levels are now adequately controlled with 
Diazoxide treatment, ten months after the second opera- 
tion. The levels of plasma insulin are now in the normal 
range. Before the first and second operations it had 
been impossible to control her profound hypoglycemia 
with Diazoxide. 

The second of the two patients with adenomatosis 
who had two operations is mildly hyperinsulinemic 
since the second operation, an 80% distal pancreatec- 
tomy. Initially, she was able to control the hypoglycemic 
symptoms well with judicious spacing of a normal diet 
throughout the day. Subsequently, Diazoxide has be- 
come necessary for her prolonged postoperative man- 
agement. 

The fourth patient with pancreatic adenomatosis had 
a 50% distal pancreatic resection for two small (0.35 
and 0.25 cm. diameter) palpable adenomas. These had 
been seen angiographically in the tail of the pancreas 
where they were easily felt. On histopathologic exam- 
ination of the pancreas, there was also microscopic 
evidence of islet cell adenomatosis in addition to these 
two macroscopic lesions. She has been euglycemic 
with a normal plasma insulin since operation, 1 year ago, 
and has not required any special medication or diet. 


ISLET CELL. ADENOMATOSIS 
4 PATIENTS 


Levels of Resection 





Patient- 
A= Microscopic 
X B= Microscopic and Macroscopic, 
ae C = Microscopic and Macroscopic 
D= Microscopic and Macroscopic 
Fic. 2. The location of visible (macroscopic) lesions in three 


patients with adenomatosis is shown. Levels of distal pancreatic 
resection in. the four patients with adenomatosis are indicated. 
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However, 36 hours after the beginning of a fast she 
still develops symptomatic hypoglycemia with failure 
of normal suppression of plasma insulin. 

In none of the four patients with pancreatic ade- 
nomatosis has there been any reason for dissatisfactiar: 
with their course so far following 80% pancreatic re- 
section in three patients and 50% resection in the 
fourth. In the three patients of this group in whox 
angiography was used, lesions were identified but, of 
course, proved not to be the sole lesions responsible for 
the hyperinsulinism. At present, we know of no certain 
means of clinically differentiating solitary adenomes 
from pancreatic micro-adenomatosis with or without 
macroscopic adenomas except by identifying several le- 
sions angiographically or macroscopically at operation 
and/or microscopically in a portion of resected pancreas. 
Certainly the size of the adenoma is not a dependabl= 
help since the largest lesion in the patients with par 
creatic adenomatosis measured 2.30 cm. in diameter, 
exceeding the size of most of the solitary adenomas ia 
this series of patients. 


. - Multiple Endocrine Adenomatosis 


Three of the patients in this series with hyperin- 
sulinemia were members of the same family. One was 
the affected father of two affected siblings, one female 
and one male. Each of these patients has primary hy- 
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Fic. 3. Magnification, 
times 325, of a typical 
lesion of microscopic islet 
cell adenomatosis. One 
micro-adenoma is seen as 
are several normal islets. 
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perparathyroidism as well. In two, the brother and sis- 
ter, the primary hyperparathyroidism has been surgi- 
cally corrected and the parathyroid lesion in both has 
been primary chief cell hyperplasia of the parathyroids. 
By contrast the lesions responsible for the hyperinsulin- 
ism in all three of these patients varied, Figure 4; in 
one patient it was a solitary islet cell adenoma, in 
another it was two islet cell adenomas and in the third, 
there was multicentric islet cell carcinoma with involve- 
ment of two regional lymph nodes. This third patient 
had an excision of a lesion located in the pancreatic 
head and a 50% pancreatectomy which widely em- 
braced the carcinoma, two satellite nodules, and the 
two metastatic nodes in one specimen. In two of these 
patients with multiple endocrine adenomatosis pancre- 
atic resections were performed and it is of interest that 
in neither of them was islet cell adenomatosis or hyper- 
plasia found on detailed microscopy of the resected 
pancreas. 

All three patients with multiple endocrine adenoma- 
tosis have done well clinically since surgical correction 
of the hyperinsulinism with normal plasma levels of 
insulin and euglycemia following resection of the pan- 
creatic lesions. The patient with two adenomas and the 
patient with the solitary adenoma are now 8 years post- 
operative and the third patient, with multi-centric islet 
cell carcinoma, is 1 year postoperative. 
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©- Multicantric Islef Cell 
Carcinoma 


Fic. 4. Depicted are the islet cell lesions found in three patients 
from a family with multiple endocrine adenomatcsis. 


Metastatic Islet Cell Carcinoma 


During the 13-year experience reflected in this re- 
port, three patients have been referred to us with islet 
cell carcinoma metastatic to liver and regional lymph 
nodes. Two of these patients had been operated on 
elsewhere, while the third had a liver biopsy and the 
diagnosis already established. It was not necessary for 
us to reexplore these patients. Plasma levels >f insulin 
were exceedingly high in two of the three patients. 

One patient died a few days after coming under our 
care, one lived for 54 months and the third is living, 1% 
years after referral. Symptomatic relief was obtained in 
two of these patients with Streptozotocin and with 
cortico-steroids in one after Streptozotocin had become 
ineffective. 


Intraoperative Blood Glucose Measurement as an 
Indicator of Total Removal of 
Hyperfunctioning Islet Cell Tissue 


We have studied blood glucose levels, measured by 
the glucose oxidase method, during operation in 16 of 
our 24 patients with histologically verified solitary 
adenomas. In these patients no glucose was given after 
6:00 am on the day of operation. The postoperative 
course of these 16 patients, particularly the persistently 
normal levels of blood glucose and of plasma insulin 
and the clinical course have not suggested any further 
hyperinsulinism. The results summarized in Figure 5 in- 
dicate that, after the removal of these solitary adenomas 
the mean blood glucose content rose at a rate of 29 
mg./100 ml. per hour. However, in our petient with 
a presumed adenoma retained, blood glucose levels rose 
to 165 mg./100 ml., 40 minutes after 85% pancreatec- 
tomy and this rise was progressive with blood glucose 
reaching 235 mg./100 ml, 2% hours after the last 
portion of the 85% pancreatectomy specimen was re- 
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moved. No lesion was found in the resected pancreas. 
Twelve hours fcllowing operation, blood glucose had 
fallen to 80 mg./100 ml. On the eighth postoperative 
day the level of blood glucose was 40 mg./100 ml. 
Continued study of this patient has demonstrated per- 
sistent hypoglycemia and coexisting hyperinsulinemia. 
She did not wish further operation and, as mentioned 
before, has been managed for 6 years with Diazoxide 
therapy. In a patient in whom a single adenoma was 
removed recently there was a rise in blood glucose 
from 80 mg./100 ml. to 125 mg./100 ml. within 
the first 3 hours after removal of the tumor. To date 
this patient has remained euglycemic. 

Three of the four patients with pancreatic aden- 
omatosis have had intraoperative blood glucose de- 
terminations. Two of these patients were explored twice. 
During the first operation on one adenomatosis pa- 
tient, intravenous glucose was given repeatedly during 
operation. At one point, 60 minutes after an adenoma 
was excised, blood glucose fell to its lowest intraop- 
erative level, 79 mg./100 ml. During five other op- 
erations in which we now recognize that hyperfunc- 
tioning tissue was left in situ, blood glucose determina- 
tions were made and no glucose was given after 6:00 
AM of the day of operation till at least 3 hours after the 
operative specimen had been removed. As seen in Fig- 
ure 6, blood glucose concentrations were measured dur- 
ing these five operations on four patients. After removal 
of pancreatic tissue mean blood glucose levels rose at 
a rate of 24 mg./100 ml. per hour. This rate is virtually 
similar to that seen in the 16 patients who-had excision 
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MINUTES Post-Excisicn 


Fic. 5. Mean blood glucose levels minus 1 standard error are 
shown immediately before and after excision of solitary islet cell | 
adenomas in 16 patients. An ideal curve has been fitted by the 
method of least squares to all data points from zero through 
180 minutes postexcision. The correlation of blood glucose in- 
crement, 29 mg./100 ml. per hour, with time is significant as 
shown. The regression co-efficient and regression constant (inter- 
cept) are both significant, p < 0.001. 
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of a solitary adenoma. At no time up to 180 minutes 
postexcision were there statistically significant dif- 
ferences found in mean blood glucose content when 
the 16 solitary adenoma patients were compared tc the 
five operations on four patients with retained hyper- 
functioning tissue. 


Complications of Surgery 


Thirty-two of our 35 patients were operated vpon 
by us for control of hyperinsulinism. In two of taese 
patients two operations were performed for this pur- 
pose giving a total of 34 operations performed for the 
control of endogenous hyperinsulinism. 

Following these 34 operations, there was one death 
directly attributable to operation. This was in the ddest 
patient of our series, a physician, 74 years of age, who 
had himself initially suspected the correct diagnosis of 
hyperinsulinism. His lesion was not visualized amgio- 
graphically and proved to be difficult to find. After an 
80% distal pancreatectomy, a solitary adenoma was 
found embedded deep in the pancreatic head. This 
area had been carefully palpated earlier in the same 
operation and considered to be negative for an adencmna. 
His postoperative course was prolonged and character- 
ized by large quantities of serous drainage accompanied 
on two occasions by frank hemorrhage from the dracn- 
age sites. During both bleeding episodes, he was te- 
explored meticulously to identify a source of the hsm- 
orrhage. Even with active agitation of the original ded 
of pancreatic dissection, no bleeding points could be 
found. His condition worsened and he died on the 
106th postoperative day. 

Seven complications requiring surgical correction o2- 
curred and are listed in Table 1. Only two require brief 
comment. In one patient a pancreatic fistula persiszed 
for 1 year following adenoma excision. Sinus tract in- 
jections demonstrated a blind pocket until 1 year pcs- 
operatively when there was seen to be communication 
of the sinus tract with the main duct of the distel 
pancreas. At re-exploration it was noted that the diszal 
end of the proximal main pancreatic duct, i.e. in the 
head of the pancreas, was completely sealed. The fis 
tula lead only into the main duct of the distal pancreas. 
The distal pancreas was removed. The patient recov- 
ered uneventfully. 

One pancreatic duct injury was noticed at the time 
of removal of a solitary adenoma from the neck of the 
pancreas. This adenoma was of further interest becauze 
it exhibited many ductal elements in addition to islet 
cell tissue. Duct injury was promptly suspected at tre 


time of injury, confirmed by probing the pancreatic duet. 


in both directions and managed successfully by bring- 
ing a Roux-Y loop to the site of injury. This patiert 


HARRISON, CHILD, FRY, FLOYD AND FAJANS 


Ann, Surg. + October 1973 





250 RETAINED HYPERFUNCTIONING TISSUE 
(4 patients, 5 operations) 

200 
z 
oS 
E 
ul 150 
© 
OÖ 
d | y= 103 +0.42 x 
Q t0 i R = 0.46 
o i P (0.02 
Fa) 


50 
OPERATIONS 





-30 0 30 60 90 120 t50 t80 


MINUTES Past-Excision 


Fic. 6. Mean blood glucose levels plus 1 standard error are 
shown pre and post pancreatic tissue resection in five operations 
on four patients known to have retained hyperfunctioning islet 
cell tissue. The correlation between glucose increment, 24 mg./100 
ml. per hour, and time is significant as is the regression co- 
efficient, p < 0.02 and the regression constant (intercept) p < 
0.001. The slope of this curve does not vary significantly from 
the slope in the curve of Figure 5 with regression carried up to 
the indicated time. There are no significant group differences 
at any of the time points between these groups and those in 
Figure 5. 
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recovered uneventfully and has required no further 
operation. | | 

The five remaining complications represent, we feel, 
the usual morbidity of pancreatic surgery. Of four 
postoperative abcesses, three in tracts of drains atid one 
in the right subhepatic space, three occurred following 
pancreatic resection and one followed simple excis- 
ion of a solitary adenoma. - 


Discussion 


The clinical triad of symptomatic attacks from fast- 
ing hypoglycemia, demonstrably low blood sugar, less 
than 50 mg./10) ml., and relief by the ingestion of 
glucose advocated by Whipple,** was intended to im- 
ply a precise diagnosis of hyperfunctioning islet tissue. 
Nevertheless, Whipple and Frantz’? were aware of the 


TABLE Í. 





1 Surgical Death à 
74-year-old male, solitary adenoma, delayed postoperative 
hemorrhage X2. , 
7 Complications Requiring Surgical 


Correction: Treatment: 
1 Operative injury main 
pancreatic duct — Roux-Y loop. 


1 Persistent panczeatic 
fistula, 1 year — 
1 Gastric atony and outlet 


Hemi-pancreatectomy. 


obstruction — Gastroiejunostomy. 
1 Right Sub-hepatic abcess — Surgical drainage. 
3 Drainage tract ebcesses — Surgical drainage. 
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importance of other etiologies of “Whipple’s Triad’. 
“As everyone is aware there are many causes of (fast- 
ing) hypoglycemia which are not due to lesions of the 
pancreas, the most important being disturbances of the 
adrenal, pituitary, thyroid . . . These conditions should 
be ruled out clinically before exploratory opesation is 
justifiable.” That the combination of findings consti- 
tuting Whipple’ s Triad occurs with hyperfunctioning 
islet tissue is - not questioned. The consideraticn that 
needs emphasis currently is that one cannot attach di- 
agnostic specificity to the demonstration of Whipple’ s 
Triad. It is interesting to note in passing tkat in 35 
patients who had undergone operation reviswed by 
Whipple and Frantz,®* from the literature available at 
that time, no pera some islet cell lesions were 
found in 14. 

The determination of ues of immunoreactive in- 
sulin in the fasting state and after adminis‘ration of 
stimuli provoking ‘insulin release has unquestionably 
established more precise and exact diagnost‘c criteria 
for the diagnosis of hyperfunctioning islet cell lesions 
than that afforded in the past by documenting fasting 
hypoglycemia per se. The heterogeneity of lesions pre- 
senting as fasting hypoglycemia is a sharp contrast 
to the group of islet cell lesions presenting as au- 
tonomous hyperinsulinism of endogenous origin. Various 
publications have dealt with these diagnostic points in- 
detail. 5,€,10,12,13,18, 35 

Our success in identifying pancreatic lesions in hy- 
perinswlinism with selective and superselective angiog- 
raphy is approximately 40%.°5 Higher success rates 
have been reported by others but even. with the most 
modern nuances in angiographic technic and with de- 
tailed retrospective analysis of the films after the loca- 
tion of the lesion has been established at operation, 
our angiography identification rate remains at about 

35 


We believe, nevertheless, that angiography is an 
important adjunct to the operative manegement of 
hyperinsulinism in the hope of localizing islet cell ade- 
noma(s). As noted previously, in two of the three 
patients with non-palpable solitary adenomas in whom 
it was used, angiography identified and lead us to suc- 
cessfully remove two solitary adenomas which had 
bêen overlooked by other surgeons to whom angiography 
was not available. A fourth non-palpable adenoma, 
part of the pathology in a patient with pancreatic 
adenomatosis, was also found and removed by us after 
angiography had demonstrated its location. It, too, 
could not be found in initial pancreatic exploration in 
another hospital. 

The two cases of pancreatic adenomatosis described 
by Frantz in 1944" bear remarkable simi arity to the 
four cases of pancreatic adenomatosis appearing in our 
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series. One patient in the series was operated upon 
three times, an adenoma being removed on each oc- 
casion. Both of Frantz’s initial two patients responded 
favorably when the tail, body and neck of the pancreas 
had been resected (75 to 80% distal pancreatectomy) 
and enjoyed normal lives subsequently. The histopa- 
thology of the pancreas in both patients was microscopie 
adenomata but there were many normal islets as well. 

For obscure reasons appreciation of pancreatic ade- 
nomatosis has almost disappeared from clinical aware- 
ness in many series reported since Frantz’s descrip- 
tion of this lesion. dePeyster’ and Schwartz and Zwi- 
ren?8 are among the few who have referred to the les- 
ion at all. Because of the frequency of pancreatic ade- 
nomatosis in our series we believe that pancreatic ade- 
nomatosis deserves emphasis once again as a diagnostic 
possibility in patients with endogenous hyperinsulinism. 
It is our conviction that any patient with recurrent 
hyperinsulinism in whom a second adenoma cannot be 
found and who has no gross stigmata of metastatic 
islet cell carcinoma should be considered to have pan- 
creatic adenomatosis until proven otherwise, As noted 
before, microscopy of abnormal islet morphology from 
a generous pancreatic resection is the only means pres- 
ently available of establishing the presence of pancreatic 
micro-adenomatosis. 

Awareness of the definite possibility of pancreatic 
adenomatosis, four of our 35 patients, makes clear the 
practical point that when confronted with recurrent 
hyperinsulinism after removal of an islet cell adenoma 
one is well advised to resect a convenient portion of pan- 
creas, 75 to 80% of the distal gland. This approach 
will establish whether or not pancreatic adenomatosis is 
present as well as to treat it effectively at the same opera- 
tion. Even our two patients with persistent hyperinsulin- 
ism from pancreatic adenomatosis have been brought 
into a condition in which Diazoxide treatment now con- 
trols their disease adequately. Possibly a definitive di- 
agnosis of ‘pancreatic adenomatosis can be made re- 
liably on the basis of frozen section but we have not 
attempted to do so until recently. There is only one 
patient we have cured from hyperinsulinism by remov- 
ing two adenomas. He is a member of the family with 
multiple endocrine adenomatosis. Patients have been 
described by others whose hyperinsulinism has been 
cured by the excision of multiple islet cell adenomas.”° 
28.26 On those patients the data given do nôt rule out 
definitely the possibility of multiple endocrine adenoma- 
tosis, We note that pancreatic adenomatosis and hyper- 
plasia have been described in patients with multiple’ 
endocrine adenomatosis.3»2° 

None of our patients exhibited pancreatic islet cell 
hyperplasia but this lesion has been described in chil- 
dren younger than the patients of our series.1%4 
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Because we have not hesitated to perform partial, up 
to 80% distal pancreteactomy as a primary operazion 
for hyperinsulinism, we feel detailed study of the mor- 
bidity associated with doing so is pertinent. Review 
of our complications does not suggest that pertial 
pancreatectomy has a significantly greater morbidity 
than does simple excision of a solitary adenoma. 

For at least 22 years, the potential usefulness of blood 
glucose determination during operation for hyperfanc- 
tioning islet cell tumors has been appreciated.*! If bicod 
glucose levels remain low after removal of an islet cell 
lesion, this is presumed to represent retained hyperfanc- 
tioning islet tissue. If there is a definite elevation of 
blood glucose during operation, unrelated to irtza- 
venous glucose administration, the presumption kas 
been that the sole source of excessive insulin release Fas 
been removed. 

Several authors have recently expressed enthusiasm 
for the use of blood glucose levels during operation for 
this purpose./*7%.27 Unquestionably total operative t-me 
is prolonged if one waits tó demonstrate this phenomenon 
convincingly but this need not keep one from using -t. 

The question of how much importance to attach 
to intraoperative blood glucose measurements is one 
which we have studied with interest. Persistently bw 
blood glucose levels two hours after excision of tke 
lesion would certainly be justifiable cause for concern 
that some hyperfunctioniing islet tissue remains and hes 
proved to be a clue to the presence of more than cre 
adenoma in some patients?” In the five instances 
of retained hyperfunctioning pancreatic islet tissue in 
our series there was, however, elevation of blood ght 
cose duririg the operation similar to that seen after 
excision of 16 solitary adenomas. Because of this 
finding, we currently attach little significance to blood 
glucose elevation during operation for hyperfunction- 
ing islet cell tissue. Hyperglycemia during other typ=s 
of operation not involving the pancreas has been doc:- 
mented by others.+8 A variety of acute hormonal rz- 
sponses to anesthesia and operation, most notably rə- 
lease of epinephrine, growth hormone, glucagon ard 
hydrocortisone would be expected to raise blood glu- 
cose intraoperatively. Others have urged caution in tke 


interpretation of intraoperative blood glucose levels in. 


patients operated upon because of hyperinsulinemia.’ 
If a lesion is not found after thorough exploration et 
the original operation for hyperinsulinism, 80% distel 
resection has seemed to us a wise course to follow be- 
cause of the definite possibility of microscopic adenc- 
matosis or of a non-palpable single adenoma. Primary 
pancreaticoduodenectomy strikes us as a more com- 
plicated and more hazardous way ‘to achieve the samz2 
ends accomplished by 80% distal resection. Others 
have questioned, for different reasons than those given 
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by us, the advisability of primary ‘blind’ distal pan- 
createctomy for hyperinsulinism.1°?2 We do believe 
that before €0% distal pancreatectomy is done me- 
ticulous and extensive exploration of the head of the 
pancreas, including the uncinate process, should be car- 
ried out using multiple capsulotomies. We emphasize 
that we have overlooked one adenoma that would have 
been included in a conventional pancreaticoduodenec- 
tomy. We have also removed one non-palpable ade- 
noma in 4 blind distal pancreatectomy specimen. It is 
important that a careful search be made for ectopic 
pancreatic tissue before primary pancreatic resection is 
done. These points have already been well made by 
others and we agree completely that they are impor- 
tant to the efficient surgical management of endogenous 
hyperinsulinism. 


Summary and Conclusions 


1. Demonstration of autonomous hyperinsulinism is 
the crux of modern diagnostic precision in hyperfunc- 
tioning islet cell lesions of the pancreas. Abnormally 
high levels of plasma insulin in the fasting state and/ 
or inappropriate elevations of plasma insulin in relation 
to prevailing blood glucose levels can be demonstrated 
in all patients studied carefully. Frequently, stimula- 
tion of excessive insulin release and/or prolongation 
of stimulated insulin release with coincident hypogly- 
cemia have been important in strengthening thé diag- 
nosis. Repeated study has been helpful in borderline 
cases. 

2. Microscopic pancreatic adenomatosis, with or 
without macroscopic tumors, deserves greater emphasis 
and wider recognition as a cause of endogenous hyper- 
insulinism in the adult than it is accorded in most cur- 
rent reports. 

3. Selective pancreatic angiography has been a sig- 
nificant help in locating some non-palpable solitary islet 
cell adenomas of the pancreas. 

4, Intraoperative blood glucose elevation has not 
been an invariably réliable sign of remova] of all hyper- 
functioning islet cell tissue. Persistently low levels of 
blood glucose intzaoperatively did not occur following 
excision of pancreas or an adenoma in five recognized 
instances of retained hyperfunctioning islet tissue. Con- 
versely, after remcval of a single adenoma there was not 
a significant rise in blood glucose during the intraopera- 
tive period which would have predicted the removal — 
of all pathologic tissue. 
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hyperinsulinism studied at the Vanderbilt Medical Center and 
treated in our affiliated hospitals over the preceding 20-year 
period. I woulc like to go over some of the diagnostic considera- 
tions in these interesting patients which we derived from our 
retrospective review. 

First of all, I think the clinical manifestations of hypoglycemiia 
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are worthy of comment. They fall into two categories in general 
although in the clinical situation, they are often mixed. 

A rapid fall in blood sugar taking place in minutes: the <a-iliar 

“insulin reaction” which you are all familiar with occurs. The 
patient has symptoms of hunger, sweating, weakness, tachscardia 
and an inner trembling that they will complain of frequen-l7 and 
these are really due to compensatory release of epinephrice _ 
, (Slide) When there is a slower fall in blood sugar taking >lace 
over a period of hours, then the interesting neurologic segada of 
hypoglycemia are most apt to take place with headache, blurred 
vision, dyplopia, ataxia and the other symptoms that tend to be 
confused so often by a lay observer, including the pole, as 
representing intoxication with alcohol. 

(Slide) Tt is very important thus in evaluating someone with 
suspected hyperinsulinism to be aware of these two almost separate 
groups of phenomena. | À 

We feel that in evaluating a patient who is a suspect for eado- 
genous hyperinsulinism the history is very valuable. Pkysical 
examination usually shows very little that is helpful. 

Fasting blood sugar levels, of course, are of great significence 
and usually one finds a blood sugar well down below 40 ng./ 
100 ml., on prolonged fasting. 

` We did not get much help from the familiar and so commonly 
used glucose tolerance test. This may help to rule out to seme 
degree the so-called functional alimentary hypogylcemia bu: it 
does not. help to make the diagnosis of a beta cell tumor. 

The most significant study which was most helpful in Jag- 
nosing these tumors, just as Dr. Harrison and his group obsecved, 
was that prolonged fasting, if necessary up to 72 hours, with 
monitoring of serum glucose and insulin levels during the prod 
of fasting. | 

The tolbutamide, leucine, glucagon and diazoxide tests, while 
frequently done were only adjuvant and did not often add a great 
deal to the information derived from prolonged fasting with serem 
insulin and glucose measurements. . | 

(Slide) In this regard, the relationship between serum glucose 
and insulin during prolonged fasting is charted here. Here om the 
vertical, we have serum glucose in mg./100 ml. and on the 
horizontal, serum insulin in micro units per ml. In nozmal 
individuals after a prolonged fast—and these were fasts in te 
range of 24 to 48 hours—the serum glucose levels tend to cluster 
as you can see in a range between 80 and 50 mg./100 ml. and the 
serum insulins are, as you can see, rarely below ten micro unts 
per ml, and most of them are over in the range of 15 to 2C or 
more micro units per ml. 

With an insulinoma, there is a tendency for the plot to be shitted 
out on the horizontal, showing an inappropriately elevated se«rs- 
tion of insulin accompanying this profound level of hypoglycenia. 

This next slide shows the same thing with two other cases of 
beta cell tumor. One patient had serum insulins of 40 to 57 mito 
units per ml, When the patient’s blood sugar, after a 48-hour Zast 
was below 40 mg./100 ml., there was very little question about 
the diagnosis. In the other, however, whose serum insulin wes 
only 15 micro units/ml. when the serum glucose was 40 mg./10) 
ml., the diagnosis had to be made by an extremely sophisticazed 
analysis of these data, by Dr. Oscar Crofford of our department 
of medicine whose laboratory did these fasting studies. 

I certainly enjoyed Dr. Harrison’s presentation. I think his ex 
erience is most interesting and rewarding. I am amazed that he 
ound four patients with multiple micro-adenomata. These ere 

more commonly seen in children I believe, and we have newez 
seen a patient with beta cell micro-adenomatosis. 

The beta cell tumors in our series have solitary adenomas exce»: 
for one carcinoma and another patient in a family with multiple 
endocrine adenomatosis had multiple adenomas. 

Dr. Harrison, could you tell us how you feel about the problem 
in surgical management of the situation in which no tumor has 
been identified by arteriography prior to operation, yet you are 
sure on the basis of the serum glucose and insulin relationship that 
you are dealing with endogenous hyperinsulinism and you cam 
find no visible or palpable tumor at operation? = 
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We are all interested in the extensive pancreatectomies that 
have been used recently at Michigan. How extensive should the 
initial distal pancreatectomy be? Do you have a serial approach to 
this? That is, do you first take the tail of the pancreas and have 
the pathologist examine that and then take a little more ‘if neces- 
sary? Just what do you do when you can not find the tumor? 


Dr. Larry C. Caney (Pittsburgh): I would like to make a 
brief comment and ask Dr. Harrison one questions ` ` > 

The comment has to do with the technic of resecting single 
adenomas in the head of the pancreas which can be quite difficult 
because of their proximity to the ductal system. 

Recently we have found useful a technic similar to that used 
by the neurosurgeons using eélectro-cautery with suction simul- 
taneously and dissecting out the pancreatic adenoma much as one 
would a brain tumor. This helps control the bleeding, and makes 
the dissection somewhat less hazardous with respect to the ductal 
system. 

The question I would like to ask Dr. Harrison has to do with 
the intra-operative monitoring of blood sugar. I noticed on the 
slide, Dr. Harriscn, that your patients had blood sugar levels that 
were somewhat lower than perhaps might be ideal at the time of 
their intra-operative course somewhere in the neighborhood of 50 
or 60 mg./100 ml. | 

I wonder if the blood sugars are maintained at a higher rate 
with glucose infusion, the intra-operative monitoring of the glu- 
cose becomes mcre useful in knowing when you extracted the 
functioning tissue. 


Dr. GERALD W. Peskin (San Diego): There is increasing evi- 
dence to suggest that the polypeptide hormone secreting cells of 
the GI tract and its appendages are part of a neuroectodermal 
system. l 

We have recently been interested in the discharge of this system 
with infusion of calcium ion. Numerous tumors such as the car- 
cinoid, the Zollinger-Ellison tumor, and medullary carcinoma of 
the thyroid, are provoked to discharge their hormones when cal- 
cium ion ‘is infused at the rate of about four milligrams per kilo 
per hour. o 

In the only insulinoma patient in whom we have tried this 
test, we have caused a discharge of radioimmunoactive insulin, so 
that we were able to establish the diagnosis in a matter of just 
a few hours. 

I wanted to ask if any of these patients had been subjected to 
such a test because I think it may prove very meritorious in detec- 
tion of these tumors in the future. 


Dr. Panir SANDBLOM (Lausanne, Switzerland): I also want to 
congratulate the authors on this very magnificent work concerning 
a very intricate and interesting tumor. _ 

Quite a few years ago, Ian Aird described all the incisions that 
one has to make around the pancreas in order to enable camplete 
inspection. We have always felt that palpation was more im- 
portant than inspection and that the technical maneuvers should 
be made accordingly. 

The insulomas generally have a very characteristic consistency, 
but you seldom see them on the surface. The main thing, there- 
fore, is to mobilize the panceas for total palpation. e 

The uncinate process probably is the most inaccessible part. I 
operated on two patients in whom this had been missed by other 
operators and. where the insuloma was located far down in the 
uncinate process, in the root of the mesentery where it was first 
mistaken for an enlarged lymph gland. 


Dr. Trmoruy S. Harrison (Closing): Dr. Scott, we are aware 
of the interest you kave had in this disease and appreciate your 
comments today. oe 

With respect to tke specific questions that you have raised in 
your discussion, the glucose tolerance test to us is more confusing 
than helpful, just as you have found it, and we use it less and 
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less, almost not at all, for contemporary diagnosis of eadogenous 
hyperinsulinism, 

With respect to fasting, we have gone as long as 7% hours in 
our studies of these patients to give as intense a stimulus from 
fasting as we can and we do not hesitate to do so wher. we think 
it is appropriate to the occasion. 

What do we do if we can’t find one? This is a difficu.t problem 
and others of the Association, Dr. Fonkalsrud and Dr. Longmire 
in particular, thought very hard and carefully about this particular 
point severe] years ago. In particular they raised the question 
whether or not resection of the head of the pancreas should be 
done as a primary procedure because the morbidity associated 
with doing so is Jess than it might be at a second or third opera- 
tion. 

We have not done primary resection of the pancreatiz head and 
I do not know a really good answer to your question, except to 
say this—with intensive study of these patients preoperatively I 
believe there will be fewer instances in which a lesior cannot be 
demonstrated at the time of primary exploration. Because of our 
experience with four cases of adenomatosis, we think am additional 
fact can be programmed into the things that go through your mind 
at the operating table: namely, that pancreatic adenomatosis is a 
possibility and that the only way to be sure whether or not it is 
there is tc resect some pancreatic tissue and have microscopy 
done on it. Recently, we have had this done on frozen sections, 
but it is too early to know if that is as precisely accurate as we 
would like it to be. 
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I may have forgotten one or two points that you raised but I 
will go on, nevertheless, to the questions raised by Dr. Carey. 

About 50% of the adenoma excisions that we have performed 
have kad some degree of pancreatic resection associated with 
them aften to establish whether or not adenomatosis is present. 

With respect to the technic itself, I do not think any of us have 
used the cautery on the pancreas but adenoma excision is a situa- 
tion that calls for meticulous and gentle technic and fastidious 
control of little ducts and vessels, the sort of thing of which pan- 
creatic surgery is made. 

I did not take the time to point out to you that we injured one 
duct at the time of adenoma excision. This was a very interesting 
lesion morphologically in the sense that it had in addition to the 
islet cells many acinar cells associated with it. The duct injury 
was appreciated at the time. The duct was probed in both direc- 
tions and the injury successfully managed by bringing up a Roux- 
Y loop to the site of ductal injury. 

With respect to the blood glucose levels on the day of opera- 
tion, Dr. Carey, we give these patients no glucose after 6 a.m. 
We give them only saline after 6 a.m. and they are brought to 
the operating room in that condition. Perhaps that explains why 
our blood glucose levels are somewhat lower than those reported 
by workers who have used 5 or even 10% glucose as a continuous 
infusion. 

Dr. Peskin’s test is extremely interesting and we have no ex- 
perience to report with it. 
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Changes in Renal Function and Intrarenal 


Blood Flow 


T. VARG SH, M.D., R. LEVIN, B.S., J. COTTON, B.A., R. A. CUKINGNAN, M.D. 


á ie PRESENCE of decreased vascular tone associated 
with hyperdynamic cardiovascular states has keen 
described previously in patients with cirrhosis as wel as 
septic shock.*:1%17.18 The fall in vascular tone has kezn 
attributed to the opening of arteriovenous shunts by 
circulating vasoactive substances. *1318 Because hepatic 
failure is an essential part of the pathophysiology s£ 
cirrhosis and may play a part in certain shock states as 
well, we have chosen an ischemic liver preparation <o 
demonstrate the effect of compromised liver function cn 
a target organ, the kidney. The model for this prepara- 
tion was described by Stahl and Cukingnan,” and they 
also noted the presence of humoral factors in ischemic 
liver effluent which resulted in decreased renal fuac- 
tion. We use this model to relate changes in renal func- 
tion to intrarenal blood flow distribution using the ***X2 
washout technic. 


Materials and Methods 


‘A) Preparation of Dogs. Thirty acute mongrel doz; 
weighing 15-20 Kg. were divided into two groups: “A” 
donor dogs, and “B” recipient dogs. All dogs were anes- 
thetized with 25-30 mg./Kg. of pentobarbital and rz- 
ceived small amounts (1.5-2 mg./Kg.) of additional pen- 
tobarbital during the course of the experiment. Both 
groups were intubated and maintained on Harvard res- 
pirators throughout the experiment. “A” dogs were 
either bled 500 ml. immediately as controls or were pre- 
pared according to the method of Stahl and Cukingnan,®? 
undergoing laparotomy and side-to-side portacaval shun:. 
The common hepatic artery and the portal vein abovs 
the shunt were snared isolating the blood supply to ths 
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liver. After 2 hours of hepatic ischemia, the shunt was 
occluded as was the vena cava below the renal veins. 
The hepatic artery and portal vein were unsnared and 
500 ml. of hepatic vein effluent was collected through 
a PE-240 catheter in the left hepatic vein. This catheter 
had been placed there previously via retrograde passage 
down the inferior vena cava from the external jugular 
vein. After the 500 ml. of blood was collected in hgparin- 
ized recipient blood bags, “A” dogs were sacrificed. 

“B” dogs were divided into two groups—(1) those 
undergoing hemodynamic studies, and (2) those un- 
dergoing Xe scans. All “B” dogs had simultaneous 
renal function studies performed. Dogs in Group I un- 
derwent bilateral groin cutdowns with isolation of both 
femoral veins and one artery. Both veins were cannu- 
lated with short FE-240 catheters for fluid administration 
and extra-corporeal venous return. The femoral artery 
was cannulated with a long catheter positioned so the 
tip was at the level of the renal arteries. This catheter was 
used for blood pressure monitoring and blood infusion. 
The dogs then underwent laparotomy for the placement 
of PE-205 catheters in both ureters and isolation of the 
left renal pedicle and aorta just below the renal arteries. 
A snare was placed around the aorta at this site. Oc- 
clusion of this snare, during cross-transfusion, directed 
most of the infused blood into the renal arteries. Follow- 
ing heparinization, 3 mg./Kg., the left renal vein was 
cannulated and left renal blood flow was then directed 
into a measuring reservoir before being returned to the 
femoral vein by a calibrated sigmamotor pump. During 
renal blood flow measurements the reservoir outflow 
was occluded. The occlusion time for the renal artery 
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and vein during cannulation was always less than 60 
seconds (Fig. 1.). 

Group II dogs underwent Japorotomies through small 
midline incisions for right and left ureteral cannulation. 
Catheters were brought out through the skin via flank 
stab wounds. Bilateral groin cutdowns were again per- 
formed and PE-240 catheters were placed in ome vein 
and one artery. The second femoral artery was cannu- 
lated with 6.5 French radio-opaque, polyethelene cathe- 
ter which, under direct fluoroscopic control, was placed 
in the left renal artery. Two to ten milliliters of 50% 
sodium diatrizoate was injected to confirm the position- 
ing of the catheter and a skin clamp was pcsitioned 
externally over the left kidney to facilitate proper place- 
ment of the monitor probe. 

B) Analysis. Intra-renal hemodynamics wers moni- 
tored with inert gas (in this case radioactive *Xe) 
according to the method originally described by Thor- 
burn and modified by Ladefoged’? and Hollenberg et 
al.8 Xenon in doses of 0.4-0.8 mCi in isotonic saline were 
injected directly into the left renal artery catheter and 
flushed immediately with 24-3 ml. of isotonic saline. 
The volume of the Xenon bolus did not exceed 1 ml. 
The disappearance of activity was measured by a Picker 
multi-probe digital analyzer interfaced with a Franklin 
high-speed digital printer. The probe, with a ¥” sodium 
iodide crystal, 3%” from the 3% aperture of the eolimater, 
was placed adjacent to the skin surface of the animal at 
the time cf maximal inspiration over the clamp site. Ac- 
tivity wes measured every second for 5 minutes and then 
over 30-second periods for an additional 35 minvtes. 

The 40-minute scans were plotted on semi-lozarythmic 
paper, counts vs time, A straight line drawn through the 
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tail of the curve was said to represent Component IV. 
Using the equation of this line with its slope and zero 
time intercept, the line was subtracted from the original 
curve resulting in a new curve. These curve analyses 
were performed by a semi-automated method using an 
Olivetti Programma 101. A line was then drawn through 
the tail of this new curve. This line was said to be Com- 
ponent III. In a similar fashion, lines representing 
Component II and I were derived. Using ®Kr radio- 
graphs and scans of kidney. Thorburn and Hollenberg?” 
documented that Component I represents blood flow to 
the renal cortex (Compartment 1), Component II repre- 
sents the flow to the outer medullary compartment, 
Component III represents the flow to the inner medullary 
compartment and Component IV represents the flow 


TABLE 1. Rsnal Function Studies in Groups I and II 


U tow 
cc/mm 
Post as 
Pre ` Post t7 of Pre 
Group I Controls Transfusion Values 
Dog #1 0.17 0.09 54 
2 0.21 0.36 171 
3 0.22 0.47 213 
4 0.16 0.45 281 
Mean 180% 
Group I Experimentals 
Dog #1 0.99 0.23 23 
2 0.21 0.07 33 
3 0.25 0.02 7 
Group II Experimentals 
Dog #1 0.34 0.11 
2 0.81 0.15 
3 0.46 0.03 
4 0.69 0.02 
5 2.75 1.10 
Mean 


Cin Coia 
cc/min mosm/min 
Post as Post as 
Pre Post % of Pre Pre Post % of Pre 
Transfusion Values Transfusion Values 
5.2 4.5 86 0.39 0.12 30 
14.5 13.5 93 0.49 0.65 134 
18.2 24.2 133 0.47 0.55 117 
13.8 17 123 0.38 0.63 168 
109% - 112% 
29.3 15.2 51 1.85 0.39 21 
16.4 6.9 42 0.51 0.06 "12 
8.6 0.4 5 0.54 0.003 1 
29.5 2.3 1.32 0.17 13 
23.4 2.2 0.88 0.12 14 
53 4 0.4 0.82 0.05 6 
28.2 0.1 0.67 0.01 2 
14.1 9.3 0.70 0.56 80 
19% 
<0.005 
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Fic. 2A, 2B. The results of 133Xenon washout curve analyses in 
pre and post cross-transfusion periods. The slopes of C: and Cu 
remain essentially the same while the zero time intercepts chenze 
significantly. Crm and Cry do not change significantly in pre amd 
post cross-transfusion periods. 


to the peri-hilar fat. Flows were determined for each 
component using the formula: Flow (ml./min/100 Gn. 
of tissue ) = 0.893 -A-100-6014/(T1,2'p) where à is rke 
partition coefficient for 18°Xe, T1/2 is the standard clear- 
ance of 1*3Xe from the kidney, and p is the Xenon-tissue 
coefficient which for kidney is ~ 1. The partition ec- 
efficient, 4, was corrected for hematocrit done at th= 
time of each Xenon scan.!? In experimental work dona 
by others, a value for relative mass was derived from the 
initial activity and rate constant of Components I and I: 
M:ı/ (Mı aa Mo) = Ai/Ky/(Ai/Ky + Ae/Ke).7 This value 
represents the relative masses of cortex and outer medulle 
which, together, are supplied by such a significant p2r 
cent to total renal blood flow that they have been desiz- 
nated essentially a two compartment kidney and giver 
a total value of 1.0. 

Osmolarity was measured by freezing point depressicn 
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and sodium and potassium determinations were per- 
formed using flame photometry. Inulin values were de- 
termined by the method of Walser, MacKensie et al. 
Urine output from the individuals kidneys and 
renal blood fow were measured directly and the sys- 
temic blood pressure was measured using a Statham 
P23Db transducer and a Honeywell 906C Visicorder. 
Statistical analyses were performed using the methods of 
comparison between the differences of two means and 
calculation of values for Student’s T distribution. 

C) Experimental Protocol. All “B?” dogs received a 
fluid load, following operation, consisting of 10 ml./Kg. 
of 5% dextrose in water and 10 ml./Kg. of 5% inulin 
solution in isotonic saline administered simultaneously 
at a rate of 20 ml./min. After the loading period, these 
dogs were maintained for the remainder of the experi- 
ment on a simultaneous constant infusion of 2 ml./min of 
each of the above fluids. Renal hemodynamics were re- 
corded at 10-minute intervals. Renal function was mon- 
itored in both kidneys by measurement, over 20-minute 
periods, of urine volume, inulin and osmolar clearances, 
and sodium and potassium concentrations in both blood 
and urine. Cross-transfusion was performed when urine 
output was stable, defined as less than 3 ml. variation 
over 20 minutes for 2-3 collection periods. 

In Group I dogs, baseline renal function studies were 
performed. Five-hundred ml. of blood was then cross- 
transfused into the femoral artery catheter above the 
snared aorta, as an equal amount of blood was removed 
simultaneously from the femoral vein. In four Group I 
dogs, the cross-transfused blood was drawn from normal 
dogs (these will be referred to as control dogs). In three 
Group I dogs the cross-transfused blood was drawn from 
“A” dogs following 2 hours of hepatic ischemia (experi- 
mental dogs). The experimental period, in these ani- 
mals, began with the conclusion of blood infusion. 

In Group II dogs, following stabilization, control °Xe 
scans were done. At the completion of the first 40-minute 
scan, 500 ml. of blood was cross-transfused directly into 
the renal artery catheter while another 500 ml. was si- 
multaneously removed from the femoral artery. In all 
Group IT dogs the cross-transfused blood was drawn from 
“A” dogs following 2 hours of hepatic ischemia. When 
the urine output of the left kidney dropped below con- 
trol values after the blood transfusion, the second 1°°Xe 
scan was performed. At the end of the scan in Group II 
dogs and at the end of 100 minutes of experimental time 
in Group I dogs (usually five collection periods), the 
animals were sacrificed. 

In the early experiments, the infusion of blood was 
done as a bolus over 8-10 minutes, which led to a de- 
crease in urine output 40-60 minutes after completion of 
the blood infusion. In later dogs, however, it was noted 
that the fall in urine output occurred much sooner if the 
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153 Xenon Scan Results in Group II 


Ao As % Of Total 


Flow (ec/min/100 


Initial Activity As Activity Relative Mass Gm. of tissue) 
Transfusion 
Dog Period Cr Ci Cr Cr Cy Cir C: Cir 
Pre 47 ,000 585 85 11 0.57 0.33 313 80 
i Post 9300 38C0 58 24 0.44 0.56 92 30 
Pre 4000 58C 79 12 0.56 0.44 392 71 
2 Post 405. 47C 31 36 0.10 0.90 627 80 
Pre 21,000 910 94 4 0.82 0.18 224 44 
3 Post 33,000 4320 86 ii 0.70 0.30 196 60 
Pre 30,100 4190 86 12 0.74 0.26 184 73 
4 Post 3370 8290 27 65 0.17 0.83 241 123 
Pre 7200 54) 86 6 0.77 0.23 250 41 
5 Post 5500 2240 60 25 0.35 0.65 280 63 
Pre 11,750 9@) 90 7 0.72 0.28 264 56 
6 Post 1925 1725 45 29 0.28 0.72 165 40 
v Pre 10,200 254 94 3 0.89 0.11 200 46 
i Post 1075 365 32 11 0.31 0.69 437 66 
Pre 20,400 6E0 93 3 0.86 0.14 298 60 
Post 6400 80 82 11 0.67 0.33 358 95 
Mean Pre Transfusion 88 7- C.75 0.25 : 
p Post Transfusion 53 2G 0.38 0.62 
mt <0.011 <0.001 


<0.001 





infusion of blood was carried out over a 20-minuze period. 
Consequently, we now advocate infusion of bload slowly 
over a longer period of time. 


Results 


In all, 15 experiments were performed using the meth- 
ods described. Group I consisted of seven donor-recip- 
ient pairs, four control and three experimental. Group II 
consistgd of eight donor-recipient: pairs, all of which 
were experimental studies. The hemodynami> and ex- 
cretory function data during the post-transfus-on period 
are expressed in per cent of mean pre-transfusion values 
in order to eliminate the wide difference of pretransfu- 
sion values between dogs. The Xenon. washout results 
are expressed as actual values (Tables 1 and 2). 

. Blood pressure, renal. blood flow and renal vascular 
resistance did not differ significantly between post cross- 
transfusion studies using control blood and those using 
hepatic i ischemia blood {p values ranged from < 0.30 to 
< 0.80). After cross-transfusion from control dogs, urine 
flow rose to a mean of 180% of pre-transfusion levels, 
while after cross-transfusion from experimental dogs, 
urine flow fell to 20% of pre-transfusion levels. Similarly, 
Cis measured 109% in control transfusions and 23% in 
experimental transfusions, Cosm changed from a mean 
of 112% after control transfusions to 19% after experi- 
mental transfusions ( p < 0.001 for Unow ard Cin, p < 
0.005 for Coem). As described in an earlier section, the 
fall in urine volume occurred approximately 40-60 min- 
utes after infusion of the hepatic effluent in those experi- 
ments where it was infused as a bolus, whereas the fall 
in urine output occurred immediately if the effluent was 
infused slowly over 20 minutes. 


In the 13Xe scan studies, the initial activity or counts 
per second at To, taken as representation of initial dis- 
tribution of Xenon to the various compartments, varied 
inversely during the pre- and post-transfusion periods. 
Component I fell from a mean value of 88% to a mean of 
53% during the post-transfusion period whereas com- 
ponent II rosé from a mean of 7% to 26% during this 
same period (p < 0.001 for C. I and p< 0.011 for C. II). 
Similarly, the relative mass of kidney perfused by the 
flow in Component I and II also varied inversely. The 
relative mass of Component I fell from a mean pre- 
transfusion valne of 0.75 to 0.38 while the relative mass of 
Component II rose from 0.25 to a mean post-transfusion 
value of 0.62 (p,< 0.001 for both). 

The flow as ml./min/100 Gm. of tissue in Components 
I and II was extremely variable both within the pre- 
transfusion period itself and between pre- and post- 
transfusion periods. We were unable to correlate a rise 
or fall in this flow parameter with changes in renal func- 
tion, and feel at this time that flow in ml./ min/100 Gm. 
of tissue is not as significant as the relative mass of kid- 
ney being supplied by that flow. 

In sum, we have been able to demonstrate that with 
the cross transfusion of hepatic vein effluent from an 
ischemic liver preparation, there is a fall in urine output 
with a documented decrease in Cim and Cosm ‘associated 
with a shift in distribution of intrarenal flow fram Com- 
ponent I; the cortex, to Component II, the outer medul- 
lary compartment, 


Discussion 


Using the Stahl and Cukingnan model,!? we Have 
shown that changes in renal function were unrelated. to 
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Fic. 3. Summary of data. Results are expressed as the mean 
per cent of pre transfusion values with (Uv) urine fio» in 
ml/min, (Cin) inulin clearance in ml/min, (Cosa) osmolar 2l2ar- 
ance in milliosmoles/min, , (RBF) renal blood flow in ml“nin, 
(TRR) total renal resistance in mm Hg/ml/min, (Cı) reave 
mass of component I perfused and (Ci) relative mass oc com- 
ponent II perfused. P values were calculated to indicate the 
significance of the differences between control and experinm=ntal 
groups. 


changes in systemic blood pressure, total renal vascular 
resistance or renal blood flow. Using the **Xe waskcut 
technic, we can demonstrate a shift of blood away from 
the cortex to the outer medullary regions with a tesul-iag 
fall in urine output Cin and Com. The mechanism for this 
shift in intrarenal blood flow may be similar to wkat 
occurs in the peripheral circulation during the hyper- 
dynamic states of septic shock and cirrhosis as described 
by Siegel, Del Guercio and Murray.*1318 They ncted 
that while the cardiac output and blood pressure we-e 
normal or slightly increased, there was a decrease -n 
vascular tone which they attributed to the opening of 
arteriovenous shunts. Similarly, we theorize that the zall 
in urine output is related to the opening of medullary 
intrarenal shunts which allow blood flow to bypass “ke 
cortex. This is.also compatible with the clinical pictere 
seen in cirrhotic patients with varying stages of renel 
insufficiency described by Epstein and Kew.» They bcta 
noted the shift in blood flow away from the cortex irto 
the medullary region and were able to document changes 
in rerial function associated with this intrarenal blood 
flow shift. In both papers, moreover, the authors were 
unable to document any evidence of intrinsic renal ds- 
ease in these patients at the time of autopsy. Koppe 
et al! were able to demonstrate the prompt return >Z 
function in kidneys taken from cirrhotic patients anc 
transplanted into recipients with normal liver function 

The presence of vasoactive humoral substances has 
been suggested in other papers by Rangel et al,#4 Kobo.d 
` and Thal,!® as well as work done in this laboratory. In 
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Group II dogs we are able to how a marked change in 
Cm on the experimental kidney while simultaneous 
measurements in the contralateral kidney do not show 
the same degree of change. The substance infused has a 
much greater effect on the experimental kidney than it 
did on the contralateral kidney for several probable rea- 
sons: dilution of the substance decreased its effective- 


ness after complete mixing; much of the substence may 


have been removed by the experimental kidney on its 
initial pass through that kidney; finally, much of the 
substance may have been detoxified by the dog’s own 
liver. This fine] explanation coincides with Rangel S €x- 
perience™® and raises the question of the origin of the 
humoral substance, At this time we are unable to answer 
whether the substance is a toxin released by damaged 
hepatocytes or whether it is substance produced in the 
GI tract which is not adequately removed or detoxified 
by these same hepatocytes. Kobold and Thal’ have iso- 
lated vasoactive substance from the lumen of small in- 
testine in animals subjected to hypotension and GI in- 
farction. We plan to explore this area in experiments. 

The properties of this vasoactive substance are un- 
clear. Barnardo's? work suggested that perhaps the sub- 
stance was vasoconstrictor which caused a constriction 
of pre-glomerular arterioles. Epstein et alë reached the 
same conclusion but then found that phentolamine did 
not improve cortical flow in these patients when admin- 
istered directly into the renal artery. Rangel’* and Ko- 
bold® suggest that the vasoactive substance may be a 
vasodilator and our results seem to support this cøncept, 
We were unable to demonstrate a significant change in 
systemic blood pressure, renal vascular resistance or renal 
blood flow while renal function decreased markedly. We 
feel that this vasoactive substance is opening low resist- 
ance intra-renal medullary shunts rather than constrictin g 
pre-glomerular arterioles. The presence of these shunts is 
further supported by the work of Rector et al! in 25 
septic patients. He noted that while renal blood flow re- 
mained the same or increased, GFR and effective renal 
blood flow decreased. These results seem compatible with 
intrarenal shunts much like the shunts described in 1 the 
peripheral and pulmonary circulations. 

- The site ož activity for this substance has not yet been 
determined but at least one recent thesis suggests that 
presynaptic nerve endings may take up the substarice 
from the passing blood stream.° We noted that a bolus in- 
fusion has less effect on the experimental kidney and re- 
quires a longer time lapse before giving a response 
whereas the slower infusion has an immediate, marked 
effect. The rate l:miting step seems to be the ability of 
the presynaptic nerve ending to take up the substance as 
it passes. During hepatic failure certain amines, such 
as B-hydroxylated phenylethylamines and octopamnine, 
which originate in the GI tract, may not be altered by 


+ 
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liver enzymes monoamine oxidase (MAO) and catechol- 
0-methyl transferase (COMT) and consequently circu- 
lating levels of these amines may be elevated. Levels of 
one of these-octopamine-was found to be elevated in 
the serum and urine of cirrhotic patients with hepatic 
coma.® It is postulated that these substances co.ld then 
be taken up by presynaptic nerve endings in >ompeti- 
tion with norepinephrine. By displacing norepiaephrine 
in the storage vesicles of these nerve endings, w2ak pres- 
sors like octopamine become false neurohumoral trans- 
mitters by diluting norepinephrine concentrations at the 
postsynaptic receptor sites.” 

A second possible site of action for these circulating 
amines is suggested in the work of Berkowitz et al. He 
noted that there were decreased renin levels in the renal 
vein effluent of cirrhotic patients with renal fa-lure. Us- 
ing an isolated canine kidney model, he demonst-ated that 
decreased renin levels coincide with decreased cortical 
flow as measured with %Xe. By infusing large amounts 
of renin, it was possible to restore normal cortical flow. 
This data would be compatible with our results if one 
considers a mechanism of circulating amines blocking 
the renin binding sites thus resulting in a depletion of 
renin substrate and subsequently opening previously 
closed intra-renal shunts. 

Finally. clinical trials have been attempted, to eval- 
uate thé use of metaraminal and dopamine in the treat- 
ment of “hepato-renal” syndrome. Fisher initially used 
metaraminal for its alpha-effect but found that it was 
the wéaker beta-effect on the pre-glomerular arterioles 
that resulted in some improvement of renal fu-iction. He 
also used dopamine, primarily as a renal vesodilator.*® 
Since dopamine is a norepinephrine precursor, it is pos- 
sible that this drug may really be restoring proper nor- 
epinephrine levels in presynaptic storage vesicl2s and con- 
sequently normal renal function. These clinical trials 
have been unsatisfactory thus far and as long zs the exact 
identity of the vasoactive substance and its nechanism 
of action remain a mystery, it seems unlikely that suc- 
cessful medical treatment will be possible. 

We feel that our work presents a model of renal in- 
sufficiency which results from humoral vasoactive sub- 
stances acquired in hepatic ischemia. This model satis- 
fies the clinical picture seen in “hepato-renal” syndrome 
which occurs with severe hepatic decompensation and 
possibly certain shock states. Further work mist be done 
to isolate the vasoactive substance and define its mech- 
anism of action so that clinical steps can be taken to 
prevent its deleterious effect on renal function. 
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Discussion 


Dr. Eric W. Fonxarsrnup (Los Angeles): We have aso had 
an interest in determining the nature of: the humoral facto- pro- 
duced by hepatic ischemia since animals that have orthotopic liver 
transplants usually experience a marked degree of hypctension 
once the new graft has been revascularized in the recipient H one 
takes the hepatic venous effluent from a newly revascvlerized 
canine orthotopic liver trafisplant and transfuses this bloec into 
another normal dog, one producés a moderate degree of h~poten- 
sion in the second dog within a matter of a few momenss as is 
shown on this slide. 

_In additional studies in our laboratory using a canine model 
Similar to that which Dr.. Vargish described today, the hepatic 
inflow was occluded for 2 hours and then the liver was revascular- 
ized, The initial hepatic venous effluent was then transfused to a 
second nornial recipient in increments of 100 cc. Simultaneausly a 
like amount of blodd was removéd from the.second dog ir order 
to maintain a constant bldod volume. A rather promipt decease 
in the arterial blood pressure occurred in the normal dog re- 
ceiving the ‘transfusion. Surprisingly, the portal venous presure 
decreased transiently in the recipient dog after the transzusion. 
The central venous présstire also decreased transiently, The arte- 
rial pH serum potassium and other electrolytes were moritoréd 
closely, and cultures of the hepatic efflient did not. grow D<tho- 
genic organisms, It was therefore concluded that some vascaxtive 
substance was released into the hepatic venous effluent folbwin 
hepatic revascularization similar to that which Dr. Vargisa an 
his associates have described today. a A 

_ More recent studies in our laboratories have shown that bodd 
from the hepatic vein of a transplant following revascularizetion 


when transfuséd to a normal dog produces. a more mild and tran- - 


sient hypotension that when it is transfused into a dog thet has 
experienced some degree of hepatic ischemia itself. Whea the 
blood was transfuséd.to dogs that had been subjected -o 30 
minutes of hepatic ischemia, severe shock ensued and seve-al of 
these dogs died, |. aa . a l 

‘Further studies: have suggested that metabolic inhibitor drugs 
including cortisone, chlorpromazine, phenoxybenzamine and simi- 
lar drugs, when given to a dog that is subjeċted to a periec of 
hepatic ischemia, reduces the severity of the hypotension procuzed 
by the hepatic venous effluent. One might conclude that hepatic 
ischemia produces hepatocyte autolysis, which may be demn- 
strated by electron microscopy: One may initially demonstra-é an 
increase in intracytoplasmic freé. lysosomal enzymes, following 
which the same- lysosomal enzymes may be shown to increase in 
the circulation to extremely high levels which approximate- the 
time when the dog develops profound shock. 

In conclusion, I would like to ask Dr. Vargish if he and his 
associates have had any expérience with the use of vasodilatcrs or 
other metabolic inhibitors in their animal preparation and whether 
they might postulate if such drugs might effect the renal Elcod 
flow. Furthermore our studies and those of many other investigators 
have questioned .whether the dog is a suitable animal model to 
study hepatic ischemia and its influence on the circulatory system. 
Perhaps the primate model might be a better choice, . 

Dr. Toomas E. STARzL (Deriver): It seems to me that there 
are several possible mechariisms by which kidney function caa be 
depreciated by bad liver function. One hypothesis, compa-ible 
with Dr. Vargish’s observations, is that the damaged liver releares 
some kind of substance which actually harms the kidney. 
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A second Do is that biologically active substances which 
are normally detoxified by the liver cannot be gotten rid of and 
as a consequence there is injury of the kidney. Vasopressor ma- 
terials might be examples. 

A third possibility is that in hepatic failure there is an absence 
ór deficiency of the liver-produced renin ‘substrate which is. of 
influence in determining the patterns of intrarenal blood flow dis- 
tribution. This last theory is that of Berkowitz and Miller (Surg. 
Forum, 23:342, 1972). 

I do not know that we have any crucial evidence to support any 
one of these possibilities in přeference to the others, but I would 
like to say that we have carried out orthotopic liver transplanta- 
tion in several patients who have had extremely advanced renal 
failure as part of the hepaterenal syndrome. After successful liver 
transplantation there was recovery of rénal as well as hepatic 
function. The three most completely studied cases are just now 
being written up for publication. . 

In all three of these patients, the BUN’s were 100 mg./100 ml. 
or greater, It took from 4 to 10: days after liver transplantation 
before there was relatively complete récovery of renal function. 

In one of these’ three patients, renin and renin substrate were 
measured repeatedly. Prior to the liver transplantation, a defi- 
ciency of renin substrate was documented as well as an excess of 
circilating renin. These same conditions have been described by 
Berkowitz and, Miller .as. essential for the development of the 
renal failure of the hepatorenal syndrome. After operation, the 
concentrations of these substances returned tò normal. Recovery 
of the kidneys was delayed for several more days after that. 

I think our observations are consistent with the renin substrate 
hypothesis as the essential beginning point for a redistribution of 
blood flow in these kidneys. and then secondary renal failure, 
although, of course, other interpretations could be placed on these 
findings: 


$ 


Dra. T. Varcis (Closing): We did not noté a fall in blood 
pressure in our experiments with cross transfusion and we were 
very conscious,of this fact. We interpreted this as haing two 
explanations: one, that as mentioned, our dogs had normal livers 
anid were detoxifying whatever vasoactive substance was being 
transfused gnd second, that possibly this substance was being 
bound in the infused kidney. This is supported by our evidence 
that the. ċontra-lateral kidney does not\demonstrate as marked a 
change in renal function. | 

In reference to some of Dr. Starzl’s comments about the etiology 
of this material, we are presently doing work in evaluating the 
effect of portal vein blood in a similar preparation. While our 
results are inconclusive at the present time; it seems to us that we 
are showing no real change in renal function in these kidneys. — 

We agree with Dr. Starzl on the possibility that renin substrate 
depletion may well be the explanation and this would certainly 
coincided with our findings. We have noted electrolyte changes 
in the effluent that we have collected, although the potassium, 
which really concerned us, was only elevated slightly in the area 
of 5.5 milliequivalents per liter in the studies we have done. We 
have also been interested in.the pH of this fluid and it has ranged 
in the area of 6.9 to 7.2; Normal blood which has been altered 
to the pH of 6.9 however, has had no effect when infused in our 
kidney model. 
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Clinical Evaluation of a 10% Intravenous Fat Emulsion for 
Parenteral Nutrition in Thermally Injured Patients 


DDUGLAS W. WILMORE, M.D., MAJOR, MC, JOSEPH A. MOYLAN, M.D., 


E XTENSIVE WEIGHT loss and nitrogen depletion char- 
acterize the post-traumatic metabolic response 
following severe thermal injury. Vigorous natritional 
support using enteral or combined enteral-parenteral 
feedings during this catabolic phase of traume reduces 
body wasting and often produces caloric equilibrium 
and weight stabilization.1® The complications cf sepsis,’ 
hyperglycemia, nonketotic hyperosmotic comwa,”! and 
central venous thrombosis? which have been related to 
the use of hypertonic nutritional solutions in severely 


‘ill patiénts limit the use of recently developec technics 


of parenteral feedings in patients with major injury. 
Fat emulsions which are isotonic and contair 1-2 cal- 
ories/ml., may be administered by a peripherel vein, in 
order to avoid many of the harzards associated with 
central venous infusion of hypertonic dextrose solutions. 
The purpose of this study was to determine the safety 
and efficacy of a 10% soy bean oil emulsion, Intralipid, 
as an essential nutrient and caloric source in thermally 
injured patients. 


Method and Materials 


Acute Toxicity Studies 


Single 500 ml. units of 10% soy bean emu'sion were 
administered to 15 healed, convalescing coatrols and 
12 hypermetabolic thermally injured patients. After 8 
hours of fasting, the emulsion was infused at a con- 
stant rate over a 4-hour period by way of a forearm 
vein. Baseline body temperature, pulse rate, blood pres- 
sure, and respiratory rate were recorded prior to the 


infusion and then serially each hour for the next 12 
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hours. Fat clearance from the blood was determined by 
measuring plasma spectrophotometric optical density 
at 700 mp before infusion and 4, 8, and 24 hours post- 
infusion. Complete blood count, total serum proteins, 
albumin, alkaline phosphatase, SGOT, total bilirubin 
and direct fraction were determined before infusion 
and 24 hours following administration of the single unit 
of fat. 

Eight patients with normal cardio-respiratory func- 
tion were given an intravenous bolus of Xenon gas 
dissolved in saline, and serial pulmonary perfusion- 
diffusion scans made with a scintillation counter. The 
overall characteristics of the lung fields were determined 
by serial anterior-posterior scintigrams and the clearance 
rate of the gas was studied by measuring disappear- 
ance rates of the isotope from the lung fields? Follow- 
ing the baseline xenon study, a 500 ml. unit of 10% 
soy bean emulsion was administered, and, at the end of 
the 4-hour infusion, a repeat 18%Xenon lung scan was 
performed. 

Pulmonary diffusion capacity was determined in 
duplicate in five convalescing patients following a 
12-hour fast. Before starting the infusion, duplicate 
measurements of diffusion capacity were made with the 
subjects sitting in the upright position, using a standard 
carbon monoxide rebreathing technic.® One unit (500 
ml.i of 10% fat emulsion was administered over a 
4-hour period and the diffusion capacity was again 
determined at the end of the infusion and 4 hours 
postinfusion, using the same rebreathing technic. 

Single or multiple units of intravenous fat were ad- 
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ministered to 20 additional severely burned ind-viduals 
requiring supplemental or total parenteral nutrition. 
Arterial blood was drawn at the start of the incusion 
and at the end of infusion and analyzed for pH. 2COz, 
and pOr. 


Red Cell Phospholipid Studies 


Heparinized blood was drawn from 13 burn patients, 
two individuals with chronic enterocutaneous istulae 
receiving prolonged fat-free intravenous feedings. and 
five age-matched normal subjects. Total lipid ext-action 


from red cells and serum was performed with ckloro- 


form and methanol, according to the procedures cf Way 
and Hanihan.'* Red cell phospholipids were separated by 
thin-layer chromatography, using silicate gel H; plasma 
lipids were isolated by thin-layer chromatography using 
silicate gel G. The method of Dodge and Philid was 
followed for fatty acid analysis,* and final identiffation 
of the various fatty acids was by comparison with 
commercially available standards, cod-liver oil, <atty 
acid methylesters, and published chromatograms. 

With the identification of fatty acid deficiency, the 
10% fat emulsion was administered to two patients 
in whom enteral dietary support was inadequate or 
impossible. An oral diet, supplemented with pclvun- 
saturated fatty acids, was used in the third indiv_cual, 
and a parenteral fat-free diet (hypertonic dextrose, 
protein hydrolysate, minerals, and vitamins) was con- 


tinued in two patients. Serum and red cell fatty acid 


analysis was continued periodically during this supportive 
dietary therapy. 
Long Term Studies 


Intravenous fat emulsion was administrered for 5—46 
days to 10 hypermetabolic burn patients whc re- 
quired extensive energy support because of assoc-ated 


TABLE 1. 


Weight Body Surface Per Cent Per cent 


Patient Age (kg) Area m? Total Burn Third Degree 

1 21 57 1.63 42 a 

2 41 53 1.65 60 40 

3 19 77 1.98 © 75 Se 

4 18 81 1.96 56 5= 

5 . 34 74 1,86 26.5 18 

6 9 25 0.94 31 14 

7 23 60 1.65 14.5 14.5 
8 17 65 1.68 32 22 

9 19 72 1.97 28 12.3 
10 31 52 1.78 75 47 
Mean 25.2 61.6 1.71 44 27_¢ 
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injuries or complications following thermal injury 
(Table 1). In six individuals, the fat emulsion was 
administered along with other parenteral nutrients to 
supplement enteral feedings, but in the remaining 
four patients, fat emulsion was given in combination 
with dextrose and protein hydrolysate as total parenteral 
nutrition. The emulsion was administered through a 
Y-connector, infused simulataneously with a solution 
containing 5-15% dextrose, 4-5% protein hydrolysate, 
electrolytes, vitamins and minerals. Central venous 
cannulae were used for administration of the more 
hypertonic solutions but peripheral venous routes were 
frequently used to administer dextrose and amino 
acid solution containing less than 14% solute concentra- 
tion. All urine was collected in 24-hour pools and an- 
alyzed for sodium, potassium, chloride, creatinine, uri- 
nary urea nitrogen, glucose, and total nitrogen. Douglas 
bag collections of expired gas were performed on 
selected patients to determine daily metabolic rates 
and allow calculation of metabolic fuel oxidation. 
Blood was drawn daily or when clinically indicated to 
determine blood count, serum electrolytes, glucose, 
blood urea nitrogen, blood gas pressure, liver and renal 
function studies. 


Results 


No significant thermogenic response to the intraven- 
ous fat emulsion occurred in the group of control 
or burn patients. Pulse rate, respiratory rate, blood 
pressure, and body temperature remained nermal in 
the control group of patients. Complete blood count 
and liver function studies were unchanged before 
and after infusion of one unit of intravenous fat 
(Table 2). Fat clearance curves demonstrated accel- 
erated plasma disappearence rate of the emulsion in 
the acutely burned patients when compared with the 


Cheracteristics of Patients Studied 


Associated Injuries or Complications 


Stress ulcer bleeding requiring subtotal gastrectomy; postop bowel 
obstruction requiring lysis of adhesions. 

Chronic alcoholism, muscular dystrophy. 

Repeated sepsis; transferred to this unit for final wound coverage. 
T-E fistula, stress ulcer requiring gastrectomy, respiratory fdilure, 
sepsis. 

Hemiplegia, severe leg burns requiring A-K amputations, respiratory 
failure. 

Cerebral edema, inhalation injury, stress ulcer requiring subtotal 
gastrectomy. 

Electrical injury resulting in T-1 paralysis, required radical debride- - 
ment of right neck, right arm & right upper thorax. 

Head injury, associated fractures, respiratory failure 

Stress ulcer bleeding requiring subtotal gastrectomy. 

Severe burn required right A-K amputation; gastric fistula, respira- 
tory failure. 
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TABLE 2. Hematologic Studies and Indices of Liver Funcwon Before 
and 24 Hours Following Infusion of 500 ml. Soy Bean Emulsion 
in 15 Convalescing Thermally Injured Patients (Mean =: S.D.) 








Before After 
Hematocrit 4145 62:4 
WBC{cu mm) 7,900 + 2,200 7,70 + 2,200 
Total protein Gm./100 ml. 7.30.5 76+0.4 
Albumin (Gm./100 ml.) 3.6+0.6 3740.4 
Alkaline phosphatase 
(K-A units) 1343 15 +4 
SGOT (Karmen units) 30 + 11 34 +9 
Total bilirubin (Mg./100 ml.) 0.5+0.3 0.5+0.3 
0.1+40.0 c.0+0.0 


Direct bilirubin (Mg./160 ml.) 


resting controls (Fig. 1). Xenon perfusior-diffusion 
scans remained normal following the adm-nistration 
of the fat emulsion in the eight patients studied. No 
change in the distribution of the xenon or its rate of 
clearance from the lung fields was noted (Fig. 2). 

Pulmonary diffusion capacity measured ky carbon 
monoxide rebreathing technic demonstrated no altera- 
tions in the five patients studied (Table 3). Blood gas 
measurements carried out in 20 patients were unchanged 
following the infusion of 1 Gm./Kg., 2 Gm/Kg., and 
3 Gm./Kg. body weight (Table 4). There was no 
evidence of cyanosis or respiratory insufficiency as- 
sociated with the fat infusion. 

Analysis of the total phospholipid distribu-ion in the 
red cell revealed that the burn patients formed two 


distinct categories, those with normal phospholipid 


patterns and those with marked phospholpid alter- 
ations. Eight burn patients (mean age 33.8 burn size 
41.1%, 28.4% full-thickness injury) had normal levels 
of red cell membrane phosphorus and normal distribu- 
tion of phospholipids among the four major lipid classes 
(Table 5). On the other hand, five burn patiznts (mean 
age 29.2, burn size 45.6%, 23.7% third degree) revealed 
a marked reduction of red cell lipid phosphorus. Among 
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Fic. 1. Clearance of 500 ml. 10% soy bean emulsisn from the 
blood stream following a 4-hour infusion (from 0 to 4 hours). 
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Fic. 2. No alteration in clearance of 133Xenon was demonstrated 
when comparing total lung or regional isotope disappearance 
curves obtained before (top) and immediately following fat 
infusion (bottom). l 


the individual phospholipids, there was a relative iñ- 
crease in phosphatidylcholine and sphingomyelin, and 
a relative decrease in phosphatidylethanolamine. When 
calculated in terms of absolute changes, with the overall 
decrease of membrane phosphorus taken into considera- 
tion, these alterations of lipid classes corresponded to 
an absolute reduction of phosphatidylethanolamine 
(38% of normal), and phosphatidylserine (64% of 
normal). On this weight basis, phosphatidylcholine 
and sphingomyelin levels remained normal. 

An analysis of the fatty acids derived from the total 
phospholipid extracts of the red cell revealed only 
minimal differences between normal red cells and 
those samples taken from the first group of burn patients 
(Table 6). However, measurement of fatty acid di- 
stribution in the deficient burn patients revealed a pro- 
nounced decrease in all polyunsaturated species. The 
most dramatic changes include a 70% decrease in the 
arachidonate (20:4n6), an 88% decrease in decosahex- 
anoate (22:6n3), and a 36% decrease in linoleate 
(18:2n6)* Concurrently, there was a substantial in- 
crease in the saturated acids, notably 16:0, 18:1n9, 24:0, 
24:1n9. When the realtive changes of fatty acids were 


* The nomenclature for fatty acids is as follows: arachidonic 


acid, 20:4n6, where 20 is the total nubmer of carbon atoms, 
4 is the number of methylene-bridged cis double bonds, and n6 
is the position of the double bond nearest the terminal methyl 


group. 
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TABLE 3. Difusion Capacity (DLeo) before azca after 500 ml. Soy Bean Emulsion in Convalescing Individuals 





Height 


Diffusing Capacity in ml. CO/min/mm. Hg 
(Each Value = Mean of Two Measurements) 








. Postburn Day Vital Capacity Immediately Four Hours 
Subject Age (inches) Studied (Liters BT PS) Pre-Infusion Post-Infusion Post-infusion 
t 18 72 97 6.41 46.32 36.32 — 

2 20 72 109 6.92 32.92 32.54 33.91 
3 21 74. 78 5.81 35.04 33.04 35.07 
4 21 70 20 5.85 35.99 33.73 35.99 
5 20 73 78 4,71 41.00 42.60 38.99 





converted from a weight distribution to molar dis- 
tribution, then grouped according to structural sirri-ar- 
ities, the difference between the normal and deficiant 
red cells was more clearly defined (Table 7). Specifi- 
cally, decrease in all members of the n6 and n3 sexes, 
and an increase in all members of the n3 and saturated 
series, lead to a marked shift in the ratio of saturated 
to unsaturated fatty acids within the red cell membrane 
of the phospholipid deficient burn patients. 

Isolation of the individual phospholipids by trn- 
layer chromatography, and interaction and quartfi- 
cation of the fatty acid composition of the individual 
components, demonstrated that sphingomyelin, with 
its high proportion of saturated and long chain fatty 
acids, was unaffected by the nutritional and therral 
stress. However, phosphatidylethanolamine and gho- 
sphatidylserine were the major subcategories demo.- 
strating the quantitative decrease in polyunsaturated 
fatty acid responsible for the alterations observed with 
the combined phospholipid analysis, Evaluation of 
the plasma lipid classes, carried out to determine -Fe 
extent of the fatty acid alterations following thermal 
injuries, revealed no consistent difference in the fatty 
acid composition of the plasma ‘phospholipids, trigly- 
cerides, or cholesterol esters. Two patients had a reduced 
level of plasma linoleate, but the others had normel 
or somewhat elevated quantities. At the same time, 
minimal fluctuations of arachidonic and n3 saturated 
and unsaturated acids were found. The appearance cf 
5-8-11 eicosatrienoate (20:3n9), which is absent in 
normal man, was observed in the plasma phospholirid 
fraction of three of the four deficient patients studied. 

Studies of two patients with chronic enterocutaneo.t: 
fistulas, with normal metabolic rates, who received fat- 


TABLE 4. Effect of Iniravenous Fat on Blood Gas Pressures and pH (Mean + S.D.) 





free parenteral diets for more than a month revealed 
no significant alterations in membrane phospholipid 
fatty acid (Table 6). Evaluation of one of these patients 
after 6 months of fat-free feeding demonstrated only 
a depressed level of linoleate with a normal distribution 
of arachidonate and decosahexanoate (Fig. 3). 

Polyunsaturated fatty acids (the n6 and n3 fatty acid 
species) cannot be synthesized de novo in man, and 
therefore must be acquired by dietary intake. The soy 
bean lipid emulsion was used for replacement therapy 
in two patients, an oral diet supplemented with high 
quantities of polyunsaturated fats was used to treat 
one individual, and a fat-free parenteral diet was 
continued in two patients. 

Following the administration of 10% soy bear: emul- 
sion, fatty acid imbalances were gradually corrected to 
normal levels. For example, patient 1 received 50, 
500 ml., units of Intralipid over a 34-day perigd and 
patient 2 received 67 units over a 63-day interval. In 
the first individual, there was marked improvement 
of red cell polyunsaturated fatty acids after only 2 
weeks of fat therapy (Fig. 4), and, simultaneously, 
palmitate and other saturated fatty acids were reduced 
to a normal level. Patient 2, on the other hand, pro- 
gressed more gradually to a normal fatty acid distri- 
bution when placed on the intravenous fat feedings 
(Fig. 5). An essentially normal pattern was found on 
day 260, about 60 days following the onset of lipid 
infusion. One patient corrected his fatty acid red cell 
abnormalities following addition of polyunsaturated 
fats to his diet and the other two patients received . 
hypercaloric fat-free feedings administered by central 
venous catheter (Table 6). After 68 days, no improve- 





pO: pCO: pH 
(in mm. Hg} (in mm. Hg) 
Before After B2)re After Before After 
1 Gm./Kg. 91.649.5 86.0 +9.4 26.9 £6.1 27.8 +4.4 7.448 + 0.072 7.466 + 0.066 
2 Gm./Kg. 86.0 +: 22.9 89.7 +20.1 28.1 6.5 30.647.1 7.454 + 0.040 7.460 + 0.060 
3 Gm./Kg. 75.2 + 10.7 78.4 +12.5 32.3- 3.2 32.1 + 4.3 7.444 + 0.046 7.448 + 0.037 
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TABLE 5. | Phospholipid Composition of Red Cells from Normal and 
Burned Subjects (Mean + S.E.M. ) 








Burn Patients 
Normal 
Subjects Group I Group I 
(n = 4) {n = 8) (n = 5) 
Lipid . 
phosphorus™ 0.119 +0.008 0.122 40.004 0.094 + 0.010 
Phospholipid l 
distribution 
(Weight per 
cent) 
Phosphatid- 
ylethanolamine 26.3 + 1.3 26.4 1.1 13.24 1.0 
Phosphatid- 
ylserine 13.0 42.5 14.5 0.8 11.841.6 
Phosphatid- | 
ylcholine 29.7 42.2 30.2 1.3 37.€42.2 
Sphingomyelin 30.7 + 1.4 28.4 40.9 37.2 +2.6 





* mg./ml. packed cell 


ment iri erythrocyte fatty acid deficiency was noticed in 
one individual despite his- relative improvement in 
terms of wound healing and gain in body weight, but 
the second patient died from infection and hemolysis 
before fat could be obtained for administration. Only 
transient alterations in serum fatty acid levels occurred 
following the Intralipid therapy. 

Two hundred and twenty-two liters of the 10% in- 
travenous fat emulsion were administered to 10 pa- 
tients with large burns (average burn size 44% total 
body surface, 27.9 average per cent third deg-ee burn) 
and asSociated injuries or complications secondary to 
their extensive thermal injuriés. The emu-sion was 
administered from five to 46 days (mean length of 
therapy 16.1 days). Although the average dose of the 
fat emulsion administered did not exceed 3.3 
Gm./Kg./body weight/24 hours, daily variatiors occurred 
and several patients received as much as 25 liters of 
emulsion per day, or a dosé of fat equal to 5 Gm./Kg. 
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TABLE 7. Molar Faity Acid Distribution of Red Cell Phospholipids 
from Normal and Burned Subjects 





Burn Patients 





Normal 
Subjects GroupI Group II 
Saturated fatty acids 
Palmitate (16) 28.5 27.8 35.3 
Stearate (18) - 16.9 16.7 17.4 
Lignocerate (24) 4.4 4.0 6.7 
Total 49.3 48.5 59.4 
Unsaturated fatty EA l 
Oleate series (n9) 
Oleate (18) 16.8 18.6 21.6 
Nervonate (24) 4.4. 6.1 7.1 
Total 21.2 24.7 28.7 
Linoleate series (n6) 
Linoleate (18) 9.7 9.4 6.2 
Arachidonate (20) 15.8 12.9 3.6 
Total 25.5 22.3 9.8 
Linolenate series (n3) i i 
Decosahexanoate (22) 2.7 2.2 0.4 
Total unsaturated, eue , 
Palmitoléate (16: In7) 50.3 51.6 40.5 
Ratio (saturated /unsaturated) 0.99 0.94 1.47 . 


body weight/day. No untoward effects could be specifi- 
cally related to the emulsion in this group of critically ill 
patients, although a transient plasma lipemia existed 
while the infusions were in progress. No febrile response 
was related to the emulsion, and no alterations in liver, 
renal, or pulmonary function were associated with the 
doses given to this group of patients. Four of these’ 10 
individuals died, and autopsies obtained in all patients 
revealed no excess accumulation of fat in liver, lung, or. 
other body tissues. 

The average daily caloric intake in the 10 patients ; 
studied was 3,770 kcal/day, and 19.2 Gm. nitrogen/day, 
with the fat emulsion contributing an average of 38%. 
of the total calories received by these patients (Table. 
8). Nitrogen retention, determined by comparing. ni- 
trogen intake with urinary nitrogen loss, indicated posi- 


TaBLe 6. Fatty Acid Compozition of Total Phosphclipid from Rec Cells (Mean + S.E.M.) 


Number 
of 
Patients 16:0 16:1n7 
Norjnals 5 24.9 0.8 
+1.3 +0.3 
Burns 8 24.2 2.1 
Normal fatty acids +0.8 +0.2 
Burns 5 31.6 Ls 
Essential fat deficient +1. +0.4 
Deficient burns following IV fat 2 24.2 0.8 
Deficient burn following fat-free 
IV diet l 1 34.5 0.7 
Deficient burn following high 
fat oral diet Í 23. & 1.9 
Fistula patients following 
25.8 2.0 


fat-free IV diet 2 


Fatty Acid cee 

(g/100 g) l 
18:0 18:1n9 18:2n6 20:4n6 22:6n3 24:0 24:119 
16.6 16.5 9.5 17.2 3.2 58 57 
+06 +04 +05 408 t£05 406 40.2 > 
16.3 18.1 9.1 14.0 2.7 5.4 8.0 
+0.3 +03 403 404 303 40.2 +0.6 
17.3 21.4 6.1 4.1 0.4 8.9 9.3 
+0.5 +06 406 406 402 408 +0.3 
19.5 16.2 10.2 15.9 4.1 6.6 6.4 
17.3 15.0 8.1 3.8 0.8 10.6 9.1 
15.9 16.8 10.7 16.4 2.4 5.5 6.7 
15.1 18.9 7.4 13.0 2.6 6.6 9.2 
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Fic. 3. Distribution of selected fatty acids from the aii 
phospholipids from a 26-year-old women with multiple 2rtero- 
cutaneous fistulae. Her metabolic rate was measured at acrmal 
predicted levels and she was inaintained by total fat-free in- 
travenous nutrition for 6 nionths with minimal alteratiors in 
polyunsaturated fatty acids. 


tive nitrogen balance in four individuals (patierts 2, 
3, 6, and 10), nitrogen equilibrium in three patients 
( patients 4, 5; and 8); and diminution of the post- 
traumatic net nitrogen loss in the remaining -kree 
individuals. Moreover, vigorous caloric support ccrtri- 
buted to stabilization of body weight or actual weight 
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Fic. 4. A 40-year-old man with 60% total body surface burns 
corrected his essential fatty acid deficiency (18:2, 22:4, 2276) 
with the infusion of 50 units soy bean emulsion. The dose sid 
time relationship of the infused fat is shown at the top of ite 


figure. 
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gain, and < good correlation existed between weight 
change and positive caloric balance. 


Discussion 


Intralipid, the fat emulsion studied, sgantains. soy 
bean oil, egg yolk-phosphatide, and glycerol as a 10% 
emulsion which provides 1,100 calories per liter. The 
particles are similar to naturally occurring emulsions 
(such as chyle), and their average. diameter of 0.13 
pin is::similar to that of chylomitfons (diameter of 
0. 00620) 1 am). The emulsion is isotonic with body 
fluids ahd hence may be infused by peripheral vein, 
and, because of its relatively solute-free nature, provides 
a source of additional freé water to the patient. 

Early complications have been reported with other 
fat emulsions, including fever, dyspriea, cyanosis, flush- 
ing, nauséa, vomiting, headache, and jaundice. Hyper- 
lipemia, alterations in blood coagulation, liver dysfunc- 
tion, anemia, and deposition of intravenous fat were 
late complications associated with the use of other fat 
emulsions.? In this study, the emulsion tested did not 
demonstrate discernible thermogenic reactions, with 
units taken from 10 different manufacturing batches. 
Complete blood counts and indices of liver furiction 
were unchanged following a orie-unit infusion, and 
critically ill patients given multiple-unit infusions did 
not demonstrete abnormalities that could be directly 
related to the emulsion. A report of dyspnea and cyano- 
sis associated with the administration of fat emul- 
sions,® prompted our assessment of the effect of 
Intralipid on pulmonary function. These studies demon- 
strated no changes in xenon perfusion-diffusion scans or 
clearance of the isotope from the lung fields after infusion 
of a single unit of fat emulsion, Pulmonary diffusion 
capacity was unaltered in the five individuals studied, 
and no changes in blood gas values have been cetected 
after administration of single or multiple units of the 
fat emulsion. 

Prior to wound coverage, the hypermetabolic burn 
patient demonstrated increased clearance of the in- 
travenous soy bean emulsion from the blood stream. 
Fat clearance, dependent on concentrations of lipo- 
protein lipase, is increased following starvation and 
stress, and may be further accelerated by heparin or ` 
insulin, In control adult subjects following an overnight 
fast, clearance vates have been estimated at 3.3 Gm. 
fat/Kg. body weight/24 hours. While clearance cannot 
be directly equated with fat utilization, previous studies 
have documented favorable weight gains and nitrogen . 
retention with the administration of intravenous fat 
emulsions in animals and man, There is a shift in respira- 
tory quotient toward that of fat oxidation following the 
administration of the soy bean emulsion, suggesting uti- 
lization of the fat.> Histologic examination of specimens 
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from our patients showed no lipid accumulation in tis- 
sue. Of the series of 10 patients receiving longterm in- 
fusion, four died (patients 4, 7, 8, 10 ), and no abnor- 
malities of fat distribution or lipid accumulation were 
found. Because the hypermetabolic response to thermal 
injury provides a neuroendocrine environment favoring 
triglyceride and fatty acid mobilization and utilization,” 
the emulsion apparently equilibrates with available body 
lipid for utilization or storage as a basic fuel substrate. 
Essential fatty acid deficiency occurred ir five of 
the 13 burn patients studied, with a marked decrease 
in linoleate, arachidonic, and decosahexancic acids 
(polyunsaturated fatty acids which cannct be syathesized 
by the bedy and hence must be repalced by dietary 
fat). Although it has been stated that the diet should 
include approximately 4% of the nonproteir calories 
as polyunsaturated fat,’ essential fatty acid deficiencies 
seldom occur in man, as demonstrated by our two 
patients with enterocutaneous fistulas, who received fat- 
free diets for 4 and 7 months with only minor altera- 
tions in plasma and red cell polyunsaturated fatty 
acids. However, the stress of injury in acdition to 
inadequate dietary fat appears to result in a deficiency 
state, which can also be produced in the stressed young 
animal or growing infant receiving fat-free “eedings.™ 
Following major injury, the increased energy demands 
result in increased mobilization and oxidation of body 
fat. This study suggests that this increase in fat oxida- 
tion is sufficient, when combined with a diet adequate 
in polpunsaturated fat, to result in essential fatty acid 
deficiency. Administering essential fat (—ntralipid® 
10% contains 43 Gm. of linoleic acid and 6.5 Gm. 
linolenic acid per liter) to our patients who had been 
maintained on carbohydrate-rich, fat-free, parenteral 
feedings resulted in return of the red cell membrane 
fatty acids to normal. That the lipid emulsioa played a 
specific role in correcting the fatty acid deficiency is 
seen in the patient who received an isocaloric but fat- 
free intravenous diet and failed to correct the essential 
fat deficiency, which persisted for 2 months. Finally, 
in the patient in which total intravenous support is 
unnecessary, a diet high in calories containing poly- 
unsaturated fatty acids should correct the characteristics 
of the essential fatty acid denficiency, as illastrated by 
the patient who responded to appropriate orel therapy. 
Associated with the decrease in the polyansaturated 
fatty acid is an increase in saturated acids to abnormally 
elevated levels. In addition, abncrmal fatty acids ap- 
pear and one component to which significance is at- 
tached is 5-8-11 eicosatrienoate (20:3n9), which is 
absent from most normal tissues.” During deficiency 
states, this abnormal oleate-derived acid <=ppeared in 
three out of the four deficient patients examined, and 
in severe deficiency may account for the major pro- 
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FATTY ACID DISTRIBUTION (g/!00q) 


220 


240 


POSTBURN DAY 


Fic. 5. Gradual correction of the polyunsaturated fatty acid de- 
ficiency was accompanied by return to normal of the unsaturated 
fats (16:0, 18:0) with the inclusion of intravenous soy bean 
emulsion in the diet of this 19-year-old man with a 75% total 
body surface burn. 


portion of all polyunsaturated lipid. The contribution 
of previous dietary history to red cell lipid abnormalities, 
though difficult to assess, may be an important con- 
tribution in the development of ‘this deficiency state. 
Although all five patients appeared to be in good 
health prior to injury, two individuals reported a 
high consumption of alcohol. Chronic alcholism may 
progress to a condition of plasma hyperlipidemia, with 
an increase of both cholesterol and phospholipid frac- 
tions of red cell membrane in chronic alcoholics.‘” While 
our findings are not entirely compatible with this state, 
it seems unreasonable to assume that the major dis- 
proportions of saturated and unsaturated fatty acids 
observed in patient number 4 on the second postburn 
day are simply a result of his thermal injury. It there- 
fore appears that the patient susceptible to fatty acid 
deficiency is the one who has a previous dietary history 
of low essential fatty acid intake with marginal stores 
of polyunsaturated fat, is then maintained on a fat-free 
diet, and has increased essential fatty acid needs as a 
result of the stress of injury or the need for body repair 
or growth. 

The observed essential fatty acid denficiency may 
influence the response to the stress of thermal injury. 
Fat is an essential component of cell membranes and 
the proportions of saturated to polyunsaturated fat 
determine membrane fluidity and, hence, effect transport 
of water, ions, and other essential nutrients through 
cell wall and mitochondrial membranes. These ob- 
servations of altered phospholipid and fatty acid com- 
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Summary 


Single unit infusions of a 10% soy bean emulsion 
(Intralipid) were evaluated in convalescing men and 
hypermetabolic thermally-injured patients. No signif- 
icant thermogenic responses to the emulsions occurred 
in either group. Vital signs, CBC, and liver function 
studies remained unchanged. Fat clearance curves 
demonstrated an accelerated plasma disappearance of 
the emulsion in the acutely burned patients. Xenon 
perfusion-diffusion studies were normal, and pulmonary 
diffusion capacity, using the carbon monoxide rebreath- 
ing technic, was also normal following the infusion. Blood 
gas levels did not change following infusion of single 
or multiple units of Intralipid. 

An essential fatty acid deficiency of the red cell 
membrane was identified in five patients, witk: a marked 
decrease in linoleate, arachidonic, decosahexanoic acids, 
all members of the polyunsaturated fatty acid series 
which cannot be synthesized de novo. All patients had 
extensive burns, and most were on long term, fat 
free, parenteral diets before this essential fatty acid 
deficiency occurred. Infusing quantities of soy bean 
emulsion high in polyunsaturated fatty acids corrected 
the fatty acid deficiency in the red cell membranes. 
Administering an isocaloric fat-free diet to ar. individual 
for 2 months resulted in weight gain and wound heal- 
ing but failed to correct the compositional fatty acid 
deficiency. Thus, the fatty acid deficiency in red cell 
membranes appears to be a combination of the stress 
of thermal injury and nutritional :nadeqnacies, and 
can be successfully treated by the inclusion of poly- 
unsaturated fatty acids in the diet. 

Finally, fat emulsion was administered, along with 
other caloric support, to 10 critically mjured individuals. 
The fat appeared to be utilized without complication, 
and the fat emulsion contributed 38% of the total caloric 
intake in this group of patients. The n-trogen and 
caloric support of these patients resulted in protein 
sparing in all, as manifested by varying degrees of 
nitrogen retention related to both extert of injury 
and the degree of nutritional support. The availability 
of this emulsion as an isotonic, high caloriz, noncarbo- 
hydrate, energy source increases the flexibility of the 
syrgeon’s repertoire for nutritional support ir the severely 
injured patient. 
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emulsions will become commercially available soon and also for 
some potential questions which may open new avenues of therapy 
for the future. 
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First for the present advantages, it is as he has said a non- 
osmotic calorie source which means we can administer :t by 
peripheral vein, 

It is a non-carbohydrate source and as we see more and more 
problems in the occasional patient receiving large carbolyirate 
loads, use of this calorie source may minimize the hazards “or the 
occasional patient who is at risk from non-ketotic hypercsnolar 
coma. I think the most important confirmatory evidence that this 
is safe is not only because it is promptly cleared from the Flood 
and also because of this reassurance that the lipid is not providing 
damage to the pulmonary capillaries, something suggestec >y a 
report some 18 months ago which caused considerable concem. 

It may provide other potential advantages in the futurs, but 
here I think we have to wait for more data. It all hinge: on 
whether or not there is such a thing as a true essential fatty acid 
deficiency in adult man. : 

The lesion which the authors demonstrated in the red cell 
membrane, leads us to ask the next question—does this oczcr in 
other tissues and perhaps more importantly, is there a physbbgic 
deficiency which goes with this biochemical defect? Probably taere 
is. It is hard to believe that at some point it does not become 
important, but as yet we do not know. 

Finally, I would like to emphasize the point which was touched 
upon in closing, namely the question of whether carbohydrates 
and fat are interchangeable. (Slide) Here, we look at the œm- 
mon biochemical pathways that link body protein, a tiny aracunt 
of carbohydrate and adipose tissue as the major organic corsfitu- 
ents in the adult man. Both carbohydrate and fat can provide zwo 
carbon fragments to be burned in the circle representing the TCA 
or Kreb’s Cycle. However, while they both can provide twc var- 
bon fragments, fatty acids cannot provide the synthetic role- (i.e. 
synthesis of non-essential amino acids) which carbohydrate bceak- 
down can. 

In the future when intravenous fat emulsions do become zem- 
mercially available, we have to remember that there still wall be 
a need for some carbohydrate to go with it. 


Dr. STANLEY M. LEvENSON (Bronx): I would like to echc Dr. 
Kinney’s remarks about enjoying the paper. I had the opporturity 
of reading the full manuscript last night, and thank Drs. Wilmore 
and Pruitt for this courtesy. 

I think it is appropriate that this paper has come from a U.S. 
Army Laboratory because I’m sure many of you know thaf the 
great bulk of investigative work in this country dealing wth 
intravenous fat emulsion which was carried out so long and so 
arduously some decades ago in the United States was suppcrted 
largely by the U.S. Army Medical Research and Development 
Command. I think that it’s appropriate that the testing of a product 
developed on the continent is being carried out with such success 
in an army laboratory. 

I wold. like to point out that the specific basis for the tox:city 
which was noted previously with Lipomul (Upjohn Co.) tne 
preparation in use in the United States in the 1950’s has realy 
never been established. I am referring particularly to the toxicity 
associated with repetitive large infusions of the fat emulsion, You 
will recall that this toxicity was characterized by fever, sore thmet, 
hepatomegaly, splenomegaly, thrombocytopenia and hemolytic 
anemia; all of these were reversible. 

Presumably the toxicity had some relationship to the mateñals 
that were being used, e.g., the phosphatide stabilizer. The phosgha- 
tide stabilizer in Intralipid is different and seemingly the toxizizy 
does not seem to be occurring, at least in the doses of Intralip:d 
used (about 3-5 Gm. fat/Kg. body weight; no fat orally). 

There has never really been a question as to whether or not 
an I.V. fat emulsion is desirable and needed. After all, that is tre 
way we get most of our fat after every meal. 

The problem has been how to make an I.V. fat preparaficn 
commercially that would simulate the physiologic fat emulsicn 
that each of us makes every time we eat a meal containing fet 
(and for most of us, that is almost every time we eat) so tha: + 
can be metabolized without toxicity. Fortunately the Swece;, 
among others, have seemed to accomplish this. 
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The availability of Intralipid brings the challenge that Drs. 
Wilmore and Kinney mentioned, namely, to determine how and 
when to use I.V. fat and, more generally, how to improve paren- 
teral nutrition in general. 

It is clear that we have come a long way since the early days 
of Robert Elman and others who pioneered in the field of paren- 
teral nutrition, but there are many questions that are still un- 
answered. | 

For example, what should the ratio of the essential and non- 
essential amino acids be in different clinical situations? 

It certainly is sort of ridiculous—that’s too strong a word— 
unrealistic is perhaps better—to think that the same pattern of 
amino acids is optimal for all patients of all ages of all sexes under 
all conditions—and yet our present preparations of protein hydrol- 
ysates and amino acids allow for minimal flexibility. 

I’m sure the time will come when there will be a number of 
different amino acid preparations to be used in various clinical 
situations. 

Dr. Wilmore and his associates have called attention to the 
usefulness of I.V. fat emulsion from at least 2 points of view, one 
unique to fat, the other shared by fat with other nutrients. The 
latter is as a source of calories; the former, unique to fat, is as a 
source of essential unsaturated fatty acids. 

The repcrt today by Dr. Wilmore and his associates of the 
rapid development of biochemical changes in the red blood cells 
consistent with a deficiency of essential fatty acids has come as a 
surprise to most of us. The thought that a deficiency of essential 
fatty acids would occur in adults in such a brief period of time as 
found by Wilmore was considered, but discounted by most nu- 
tritionists—in fact as recently as a year and a half ago at an in- 
ternational conference on parenteral nutrition, the workshop 
concerned with fat metabolism suggested this just would not 
happen, at least not for many months, even in the complete absence 
of intake of essential fatty acids. The fact that the bicchemical 
changes found by Wilmore were reversed by the administration 
of fat, orally or intravenously, suggests that this does represent 
fatty acid deficiency, as stated by the authors. However, I would 
echo Dr. Kinney’s point, namely, the necessity to determine the 
physiologic significance of these biochemical changes in, the red 
blood cells, 2.g., in terms of red blood cell function and survival, 
and also how generalized the changes are in other cells and tissues. 

One would like more detailed information about the specific 
patients to try to understand why some of the burned patients 
showed the changes in their red blood cells while others did not. 
The authors suggest that prior diet, associated disease, e.g., alco- 
holism, and the increased metabolic rate characteristic of bum 
patients are involved, but these need documentation. Clearly this 
is critical in terms of trying to understand the mechanisms under- 
lying the changes observed. 

We hope that in future studies the possible physiclogiz conse- 
quences of the changes described will be sought—and explora- 
tion of how general the phenomenon described is for other cells 
in the body. Assuming these changes are physiologically significant 
the necessity for a certain amount of essential fatty acids in any 
long term parenteral regimen is evident. Obviously, this is much 
more critical for the very young—especially the new born infant 
whose brain is developing at a rapid rate—and in whom failure 
of appropriate brain development may be impossible to carrect at 
a later date. 5 

Dr. Wilmore, will you clarify the following? 

I believe you said that although the clearance of the injected 
fat was faster than normal in the burn patients who received single 
infusions of 500 ml. of fat emulsion, clearance seerned delayed in 
those patients receiving I.V. fat for many days. I interpreted that 
to mean the clearance was actually slower in those patients than 
normal, Is that the case? 

Also, was there any evidence of the liver pigment that had 
been found almost universally in patients who received the older 
fat emulsion preparations in any of your patients who died, Dr. 
Wilmore? 


Proresson Lars-Enm— Germ (Goteborg, Sweden): Before I 
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make my comment, I would like to express my deep appreciation 
for being included as the Corresponding Member in th old and 
famous Association of distinguished surgeons and for th= ideals it 
stands for in progress and ethics in the surgical profession. 

I have truly enjoyed Dr. Wilmore’s presentation. The problems 
related to forced feeding with fat both orally and parenterally, 
are both metabolic and hemodynamic in nature. 

We studied the earlier available fat emulsions (Lipsmal) and 
found that they induced heavy aggregation of red cell:, platelets 
and produced the known damages both to liver, kidrey and to 
lung in rats and rabbits. 

When “Intralipid” came, we infused the same doses to 
healthy animals but could not observe the previous zhanges in 
blood. 

One consequence though was still there, the risk for thrombi in 
ligated veins if the dose was increased to three times the dose of 
previously used fat emulsions. That risk I think still exists and is 
dose related. 

We found that the most probable reason for the toxicity of 
previous fat emulsions was ascribable to the emulsfier which 
damaged the membranes of the red cells which produced the 
aggregation of the cells. 

Intralipid has not that disadvantage and can, in ouz hands, be 
safely used up to an amount of a supply of 2,000 calories per day, 
but no more. Then come adverse effects, similar to those of pre- 
vious fat emulsions. 

I think Intralipid has come to stay as a help to force feed our 
patients in metabolic need of high caloric intake. 

Drs. Wretlind, Schuberth and Hallberg are the ones to credit 
for the deiection of the emulsifier which is less damaging than 
the previous ones. 


Dr. Douc.as W, Wi-More (Closing): Essential fetty acid de- 
ficiency has been described in newborn infants receiving fat-free 
nutrition, and one or two adult patients receiving long-term fat- 
free parenteral nutrition. Now, polyunsaturated fatty acid defi- 
ciency has been uncovered in patients following major injury. 
The deficiency has been described in five patients. Two of these 
individuals were alcoholics, and abnormalities in fa~ metabolism 
have bén acre associated with this group of patients, The 
remaining three individuals were referred to our unit following 
an interval of long-term fat-free parenteral nutrition following 
major injury, sepsis, and other complications. Therefore, two pa- 
tients revealed dietary alterations which may have contributed to 
the deficit, and the other three patients were maintained on long- 
term fat-free therapy and therefore acquired this deficiency state 
during their post-traumatic catabolic course. The development of 
the deficiency depends on the metabclic state of the patient, the 
requirements for essential fats for body growth or wound repair, 


PARENTERAL NUTRITION IN THERMAL INJURY 


513 


and the availability of polyunsaturated fatty acids either in body 
stores or provided by food intake. When the need for essential 
fatty acid is increased and fat is not provided in the diet, the 
circumstances are optimal for a deficiency state to occur. 

How widespread is this essential fatty acid deficiency? How is 
it expressed, and what physiologic significance is it? The deficiency 
may be first detected with the appearance of ecosatrianoeic acid 
in the serum, but in addition there will be marked deficiency of 
the polyunsaturated fatty acids in cell membranes. The essential 
fatty acid deficient red cells are abnormal cells. They. have ab- 
normal osmotic fragility characteristics, and in the one patient 
studied the cell half life was remarkably short and the individual 
demonstrated a mild hemolytic anemia. Essential fatty acid defi- 
ciency in the laboratory animal is expressed by a multitude of 
membrane abnormalities and is first seen in organs which have 
high cell turnover rates. In the rat, for example, deficiency may 
occur in the plasma and red cells and then defects are noted in the 
mitochondrial membranes of the cells taken from the gastrointes- 
tinal tract and liver. We have not been able to sample other tissue 
in our patients, but I suspect that in widespread deficiency, there 
are fatty acid alterations which affect many tissues and mem- 
branes, including skin. 

All the discussants inquired about the amount of fat that could 
be present in the diet of the seriously injured patient. It is our 
impression that the trauma patient, with a high rate of hepatic 
glucose production, requires more carbohydrate to achieve protein 
sparing than does the patient who is simply in resting starvation. 
Carbohydrate is an essential component of the diet if protein 
o is to be optimal, but at some level fat may be inter- 
changed with carbohydrate to achieve comparable nitrogen bal- 
ance. However, administration of fat alone would simply achieve 
weight stabilization without positive gains in nitrogen metabolism. 
We are now determining the level of carbohydrate-fat interchange 
in order to use these dietary constituents available to us for 
optimal nutritional efficiency. 

Clearance rates were demonstrated with one unit of intra- 
venous fat, and these clearance rates remained accelerated follow- 
ing multiple unit infusions. 

We appreciate Dr. Gelin’s comments about his experience with 
the use of Intralipid. Indeed, the Europeans have used this and 
other emulsions for the past 10 or 15 years and we all certainly 
can profit from their experience and comments. 

re have not seen red cell or platelet aggregation with this 
particular emulsion, and fat pigmentation has not occurred despite 
the fact that one patient received over seventy liters of ten per 
cent emulsion over a 2% month period. At the present time, the 
emulsion appears safe and we are presently determining guide- 
lines for optimal use of fat emulsion in critically injured trauma 
patients. 


Effects of Estrogen upon Bile: 


Implications with Respect to Gallstone Formation 


JOHN LYNN, F.B.C.S. (ENGLAND), LESTER WILLIAMS, M.D., JAMES O'BRIEN, M.D. 


r HAS BEEN a surgical maxim for several centumes 
that there is a high incidence of gallstones in women 
and that this incidence is greater in multiparae then 
in nulliparae. In recent years several statistical survers 
designed to document these impressions have confirred 
that gallstones are more common in women than in 
men, but have not clearly demonstrated a relationsLia 
between pregnancy and gallstones.?°.39 In a recent review 
by Horn,” gallstones were shown to be more frequent 
in pre-menopausal parous women than in those withcut 
children, but the incidence of gallstones was reduced 
in parous women in their post-menopausal years. In 
reviewing these data, Horn has suggested that tae 
increased incidence of gallstones in women is due to 
high estrogens levels. Further evidence in support 3- 
this concept is the fact that, in this study, the incidence 
of gallstones is equal in both sexes during the lator 
decades of life when endogenous estrogen secretion is 
equal. 

Experimental study of the effect of female hormones 
on bile flow and composition has been hampered by tke 
lack of an adequate animal model. The chronic admir- 
istration of estrogens and progesterone to rabbits re- 
sults in the formation of gallstones in the gallbladder,” 
but the composition of these stones was not stated. It 
is likely that they are not true cholesterol stones, bu-, 
like cholesterol induced stones, consist of the calcium 
salt of glycoallodeoxycholate. Changes in bile flow 
and composition have been demonstrated in the 
rat following the administration of estrogens but these 
experiments can hardly be considered physiologica‘ 
since massive doses of estrogens were used and there 
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was no attempt to maintain the enterohepatic circula- 
tion. 14:15 

Since the primary event in the pathogenesis of gall- 
stone formation may be the production of an abnormal 
hepatic bile, current research emphasizes factors that 
will influence the composition of hepatic bile. We, there- 
fore, decided to investigate the effects of estrogens on 
hepatic bile fow and composition in an awake primate 
model with minimal interruption of the entero-h€patic 
circulation. 


Methods 


Female Rhesus monkeys (Maccaca Mulatta) weigh- 
ing 4.5 to 5.0 Kg. were used. We used female animals 
because initial studies of the administration of estrogens 
to male monkeys resulted in considerable scrotal swell- 
ing and ulceration. Secondly, we have found male mon- 
keys far more aggressive and less amenable to con- 
finement in restraining chairs. 

The design of our experimental model was similar 
to that of Dowling et al. with certain important modi- 
fications. Firstly, since we wished to study the effect of 
estrogens on hepatic bile, we excluded the gallbladdér 
from the system by double ligation of the cystic duct. 
Another important modification was the use of a newly 
designed stream splitting apparatus which had a com- 
plete closed circuit which reduced the incidence of 
infection. 

The animal was starved overnight. A premedication 
of 10 mg. phencyclidine was used. Under sterile con- 
ditions a vena caval catheter was inserted via the 
femoral vein and was used to infuse sodium pentobar- 


F14 . 


A a 


N 


Vol. 178 + No. 4 


bitol for general anethesia. The peritoneal cavity was 
opened by an upper midline incision and the biliary 
tree scrutinized for any extrahepatic duct abnormality. 


- Gallbladder contents were emptied into the cho_edochus 


by compression of the gallbladder and the cystic duct 
ligated twice with #3 black silk. Promixal to the entry 
point of the cystic duct into the choledochus a silastic 
T-tube (size 8F) was inserted into the choledochus. 
The lower end of the choledochus was divided and each 
divided end reparied with interrupted #5 black 
silk sutures. A small Witzel gastrostomy was made in 
the anterior antral wall and a #8 T-tube inserted. The 
silastic T-tube and the duodenostomy tube were ex- 
teriorized through separate incisions. The abdcmen was 
closed in layers with #3 catgut to the peritoneum 
and monofilament wire to muscle and catgut to skin. 

Experiments were delayed for 4 weeks after operation 
so as to allow bile fow and composition to return to a 
normal steady state." During the last 7 dars of this 
period the stream splitter was used to maintain the 
enterohepatic circulation at the level (10 or 20% in- 
{erruption) that would be used for the experiment, 
thus allowing the animal to rebuild the bile salt pool 
to the normal preoperative level. During the 7 days 
prior to the experiment, the animal was trained to eat 
its food in equal hourly amounts. In all these studies, 
the monkeys were fed commercially prepared monkey 
chow which by analysis has been shown to Fave a low 
cholesterol content. The special feeding pattern was 
used nce starvation has been shown to change bile 
composition? This continuous feeding pattern also 
avoided changes in bile fow and composition due to 
sporadic secretin release. 

The electronic Stream Splitting Apparatus (Fig. 1) 
is a fraction collector consisting of an ultrasonic level 
detector, two peristaltic pumps, and associated cir- 
cuitry for operating the system. Bile entering the ma- 
chine fills an inverted syringe to the height of the 
ultrasonic probe. At this point, the returm pump is 
actuated for a period set by the time control on the 
front panel of the instrument. Typical values are 1 to 
10 seconds corresponding to an equal number of drops. 
As this cycle is repeated the collection pump will 
operate according to the setting of the fraction switch. 
Bile then enters the syringe, acutuates the pump(s), and 
is collected and/or returned to the subject. During 
this time, the machine provides a sterile environment 
for the bile which not only reduces contarrination but 
minimizes sedimentation and cleaning requirements. 

Estriol was administered to the animal in single 
intravenous doses of 2, 4, or 8 mg./Kg. body weight. The 
effect cf these doses was studied over 24 hours using 
hourly observation periods. Each animal served as her 
own control. 
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Fic. 1. Schematic representation of the stream splitting apparatus. 
Further details of the electronic stream splitting apparatus may 
be obtained from Mr. Jack Berger. Department of Medical Elec- 
tronics, Boston University Medical Center, 750 Harrison Avenue, 
Boston, Mass. 02118. 


At 8:00 a.m. on the first experimental day the dilutant 
for the estriol was administered to the animal over 
10 minutes and the following 24-hour period was 
utilized as that animal’s control. The dilutant consisted 
of the minimal amount of absolute ethanol needed to 
dissolve the estriol; this volume was then made up to 
20 cc. with physiologic saline. Throughout this control 
period the animal was fed hourly with 1/24th of its 
previously determined 24-hour intake of food. At 8:00 
a.m. on the second experimental day the estriol was 
administered in the dilutant in the pre-determined ran- 
domized dose over 10 minutes. The same feeding 
pattern and interruption of the entero-hepatic circula- 
tion was used in the control period. It was found 
that, at the 8 mg. dosage, it was necessary to increase 
the interruption of the entero-hepatic circulation to 
20% so as to obtain adequate volumes of bile for 
analysis. This was because at this dose level the bile 
output was considerably reduced. 

Intravenous cholangiography was performed on all 
animals after the completion of all studies. Apart from 
minimal dilatation of the extrahepatic biliary tree, 
there was no abnormality demonstrated. Since studies 
of other Rhesus monkeys used in our laboratory have 
demonstrated that biliary fistulae and massive dilatation 
of the extrahepatic tree may occur even when the 
system seemed to be working well, it is essential to 
document that the biliary tree is normal before any 
interpretation of results. 

All bile samples were freshly examined for the pres- 
ence of a precipitate. Samples were immediately 
frozen to —10 to avoid breakdown of bile salts. The 
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concentrations of cholesterol, phosphclipids and ile 
salts were measured by established methods. Anzlvsis 
of duplicate samples in our initial studies de- 
monstrated a variance of less than 5%. The relative 
composition of bile was determined and plottec on 
triangular coordinates. Bile flow was determined From 
the volume of bile collected in the sample tube. Kr:cw- 
ing the bile flow, the hepatic secretion rates for kile 
salt, cholesterol and phospholipid were calculated from 
their respective concentrations. 

Mathematical and Statistical Methods: Since cach 
animal served as its own control, all results were 
analysed for significance by the Student’s pairel ¢ 
test. The relationship between hourly bile volume and 
bile salt secretion was analysed by the method of lzast 
squares. By extrapolating the regression lines of tae 
relationship between bile flow and bile salt secre-ion 
to the vertical axis an estimation of bile flow at zero 
bile salt secretion is obtained. This is called bile selt 
independent flow.*! The significance of the differercss 
in bile salt independent flow at different doses was 
analyzed by a modified Student t test. 


Results 

Despite being maintained in restraining chairs Tor 
several months, the animals remained healthy and did 
not lose weight. Our initial studies demonstrated thet 
if the effect of estriol on bile flow and bile composition 
was evaluated as a function of the entire 24-hour perisd, 
there were changes in all measured parameters, Fer 
example with a 2 mg./Kg. intravenous dose of estrD_, 
bile volume decreased 30% (p < 0.05), bile salt secre 
tion fell from a mean of 5.43 to 2.78 mM per 24 hotrs 
(p < 0.01) and bile salt independent flow dropped 
from 4.45 to 2.76 ml./hours. Marked alteration in relative 
composition also occurred in all animals. However, 
analysis of the hourly data reveals that the maximum 
effect occurs within the first 12 hours (Figs. 2 & €). 
Thereafter, the bile rapidly returns to normal. In vier 
of this, we have analyzed all our data in relation -c 
the first 12-hour period after injection of the estricl 
A similar period is used for our control data. Te 
reported data is taken from four animals each of which 
had a complete study with all doses being given. Other 
animals with an incomplete drug schedule provided 
similar data for any factor that was evaluated. 

The Effect of Bile Flow (Fig. 4): The mean 12-hour 
control bile flow was reduced from a level of 94.1 mm. 
(SD 13.3) for the 2 mg. dose to a mean postestricl 
flow for 12 hours of 60.4 ml. (SD 3.38): this was a 
statistically significant reduction in. bile volume (2 
< 0.001). At the 4 mg. dose level the mean 12-hour 
bile volume fell from a control level of 93.77 ml. (SD 
2.56) to a mean post-estriol flow of 48.7 ml. (SD 3.2%} 


LYNN, WILLIAMS, O’BEIEN, WITTENBERG AND EGDAHL 


Ann. Surg. » October 1973 


ca 
Lyd 
2 3 
20 : 
Yo BILE SALT 
y BILE COMPOSITION 
& AFTER ESTRIOL 
2 we (2mg/Kq) 
g 
a 
ae - 4 5 6 
ae aa] JA get = 3 
100 90 80 70 60 
% BILE SALT 
5 6 
3 3 
2 = 
| oe i 
k fide eee to! A ` ec) 
30 80 70 
% BILE SALT 


Fics. 2 anp 3. The effect estriol, 2 mg./kg. body weight on the 
relative composition of bile. The oval area represents the relative 
composition of bile for 96 control samples. The numerals represent 
the mean relative composition for four animals at hourly intervals 
post-injection of estriol. The line of maximum solubility of choles- 
terol is that derived by Carey and Small’ at 2.5% of total solids. 


(p < 0.001). The 8 mg. dosage caused the greatest 
reduction in bile flow over 12 hours, the mean control 
level of 93.7 ml. (SD 1.84) fell to 30.3 ml. (SD €1.08), 
(p < 0.001). 

Comparison of the 12-hour control volumes for each 
of the above doses of estriol indicates no significant 
difference, (p > 0.1). It is, therefore, valid to compare 
the post-estriol 12 hour flow rates one to another. There 
was a significant difference between the effect of 2 mg. 
and 4 mg. of estriol on the 12-hour bile flow; 2 mg. 
estriol resulted in a 12-hour bile volume of 60.4 ml. 
(SD 3.38) as compared to a 12-hour bile flow of 48.7 
ml. (SD 3.29) for the 4 mg. dose. This difference in 
flow was statistically ‘significant (p < 0.05). Likewise, 
the comparison of the effect of the 4 mg. and 8 mg. dose 
indicates that the higher dose results in a greater 
reduction in bile volume which is statisitcally significant; 
the mean flow following 4 mg. was 48.7 ml. (SD 3.20) 
while at 8 mg. the flow was a mean of 30.3 ml. 
(SD 1.08), (p < 0.001). 

If one examines the data on an hourly basis, the 
maximum reduction in bile volume for the 2 mg. 
dose takes place at 8 hours following infusion, bile flow 
fell from a mean control level of 8.05 ml. per hour 
(SD 1.71) te 4.05 ml. per hour (SD 0.25). This was 
a statistically significant reduction in flow (p < 0.02). 
However, by 12 hours the hourly bile volume was not 
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significantly different from control flows, contrcl means 
were 6.95 ml. per hour (SD 0.96) as compared to 
post-estriol means of 5.72 ml. per hour (SD 1.31) (p > 


- 0.1). Consideration of the 4 mg. dosage effect on an 


hourly basis demonstrates that the greatest reduction 
in bile flow also occurs at 8 hours. Mean cortrol bile 
flow fell from 7.62 ml. per hour (SD €.75) to a post- 
estriol flow of 2.72 ml. per hour (SD 0.32), (p < 0.001). 
However, unlike the 2 mg. dose, the hourly bile flow at 
12 hours post-estriol did not return to control levels, but 
was still significantly reduced. Mean control bile flow 
was 7.05 ml. per hour (SD 0.1) while post-estriol 
mean bile flow was 4.3 ml. per hour (SD 1,37). This 
was still a statistically significant reduction (p < -.05). 
At the § mg. dosage level, the maximum reduction in 
hourly bile volume was at 7 hours. Mean control hourly 
flows fell from 7.6 ml. (SD 0.14) to post-estciol mean 
hourly flows of 2.0 ml. (SD 0.20), (p < 0.091). Like 
the 4 mg. dose effect at 12 hours post-estriol, the 
hourly bile fow was still significantly reduced. Mean 
control hourly bile flows fell from 7.07 ml. (SD 0.1) to 
2.37 ml. (SD 0.26), (p < 0.001). 

The Effect of Bile Salt Secretion (Fig. 5): The mean 
control bile salt secretion rate over 12 aours for 
the 2 mg. dosage was 2.71 millimoles (SD (88). This 
was reduced following 2 mg. estriol to 1.20 millimoles 
(SD 0.15). This was a statistically significant reduction 
(p < 0.02). At the 4 mg. dosage level ‘here was 
greater reduction in 12-hour bile salt secretion with 
bile salt secretion falling from mean con-ro] levels 
of 2.65 mM (SD 0.17) to posi-estriol levels of 0.89 
mM (SD 0.05), (p < 0.001). The 8 mg. dose produced 
the greatest reduction in bile salt secretion, which fell 
from a mean control level of 2.70 millimoles (SD 0.15) 
to a post-estriol level of 0.68 millimoles (SD 0.0774), (p 
< 0.001). 
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Fic. 4. The effect of vari- 
ous doses of estriol on the 
12-hour bile volume. The 
bars represent the mean 
values and the brackets 
include 2 standard devia- 
tions. 
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Considering the bile salt secretion on an hourly basis, 
the maximum reduction in bile salt secretion following 
2 mg. of estriol occurred at 8 hours. Hourly bile salt 
secretion fell at this time from 0.232 mM (SD 0.11) to 
0.038 mM (SD 0.016), (p < 0.02). The 4 mg. dose 
also resulted in a maximum reduction of hourly bile 
salt secretion at 8 hours with hourly bile salt secretion 
falling from control means of 0.208 mM (SD 0.05) 
to post-estriol means of 0.021 mM (SD 0.15), (p < 
0.001). At 7 hours post 8 mg. of estriol the greatest re- 
duction in hourly bile salt secretion occurred, from 
0.207 mM (SD 0.02) to 0.018 mM (SD 0.02), (p < 
0.001). 

Since there is not a statistically significant difference 
in these controls, (p > 0.05), it is valid to compare 
the effect of the three doses of estriol on the 12 hourly 
bile salt secretion. Comparison of the effects of 2 mg. 
and 4 mg. of estriol demonstrates that there is a sig- 
nificantly greater reduction in bile salt secretion at the 
higher dose. The mean 12-hour bile salt secretion 
following 2 mg. of estriol was 1.2 millimoles (SD 
0.15} as compared to 0.89 millimoles (SD 0.065) after 
4 mg. estriol. These bile salt secretions were statistically 
different (p < 0.05), Likewise comparison of the 4 mg. 
and 8 mg. effect also demonstrated a significant differ- 
ence. Four mg. resulted in a mean 12-hour bile salt 
secretion of 0.89 millimoles (SD 0.065) while the se- 
cretion rate fcllowing 8 mg. was 0.68 millimoles (SD 
0.077), (p < 0.05). 

The Effect on the Relationship Between Bile Flow 
and Bile Salt Secretion (Fig. 6): The individual hourly 
bile flow were plotted against the hourly bile salt se- 
cretion rates using for control circumstances 144 points 
and for each dose of estriol 48 points. Under control 
conditions, there was a linear relationship between bile 
flow and bile salt secretion with Y = 4.62 + 14.623X, 
giving a correlation coefficient (r) of 0.981 which was 
statistically significant (p < 0.001). Following the 
administration of 2 mg. estriol per Kg. body weight, the 
relationship between bile flow and bile salt secretion 
remained linear with Y = 3.49 + 14.5X, (r) of 0.996 
which was statistically significant (p < 0.001). At the 
4 mg. dosage the relationship between bile flow and 
bile salt secretion still remained linear, (Y = 2.64 + 
14.75X, (r) = 0.992 (p < 0.001) ). At the highest 
dose level of 8 mg., the linear relationship was still 
maintained (Y = 1.74 + 13.81X, (r) = 0.998 (p 
< 0.001). An analysis of the slopes at all doses de- 
monstrated that there was no significant difference be- 
tween any of the slopes (p > 0.05) in all instances). 

The intercepts of the plot of the hourly bile volume 
against bile salt secretion cut the vertical axis at a 
positive value which is considered the bile salt inde- 
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Fic. 5. The effect of vari- 
ous doses of estriol on the 
12-hour bile salt secre- 
tion. The bars represent 
the mean values and the 
brackets include 2 stand- 
ard deviations. 
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pendent fraction of bile flow.*t The intercept for tne 
control data was 4.62 ml. per hour, while the inter- 
cepts post 2, 4, and 8 mg. of estriol were 3.48, 2.64, 
and 1.74 ml. per hour respectively. All these intercepts 
were analyzed for statistical significance by a modijed 
Student ¢ test. This analysis demonstrated that tkere 
was significant difference between all the intercerts 
(p < 0.001 in all instances). 

The Effect of Biliary Lipid Secretion Rate and Bře 
Composition: At all dose levels the 12-hour secreficn 
rate of cholesterol and phospholipids was reduced, how- 
ever, the reductions in these lipids was not so strikirg 
as the reductions in 12-hour bile salt secretion and w2re 
not statistically significant. Estriol at the lowest 
dose level (2 mg.) reduced the 12-hour cholesterol 
secretion from a mean control level of 0.048 mM (sD 
0.010) to 0.0416 mM (SD 0.007), (p > 0,05) at rhe 
4 mg. dose level 12-hour cholesterol secretion fell from 
a mean control of 0.0485 mM (SD 0.0087) to 0.0¢16 
mM (SD 0.007), (p > 0.05); and at the highest dose 
level of 8 mg. the 12-hour secretion of cholestezcl 
fell from a mean control level of 0.05 mM (SD 0.01) 
to 0.029 mM (SD 0.0026), (>0.05). Phospholipid 1%- 
hour secretion fell following 2`mg. of estriol from a 
control mean 0.38 mM (SD 0.01) to 0.327 (SD 0.0430}, 
(p > 0.05). Four mg. of estriol reduced 12-hour phos- 
pholipid secretion from a control mean of 0.379 (£D 
0.028) to 0.327 mM (SD 0.030), (p > 0.05). Eigh: 
mg. of estriol resulted in the greatest reduction in 
12-hour phospholipid secretion with the mean contpol 
level falling from 0.388 mM (SD 0.10) to 0.1995 (SD 
0.030), (p < 0.01) Eight mg. of estriol was the only 
dose that resulted in a significant reduction in 12-hour 
phospholipid secretion. 

Because of the differences between bile salts and the 
lipids, there were dramatic changes in the relatixe 
composition of the bile at all dose levels. These changes 
were progressive with a marked reduction in relative 
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amount of bile salts and a moderate increase in cho- 
lesterol and phospholipids. The mean relative com- 
position during the control period for all four animals 
at all doses was: bile salts 85% (SD 4.86), cholesterol 
1.4% (SD 0.2), and phospholipids 13.6% (SD 4.7). After 
estriol there was a progressive increase in the @ satura- 
tion with cholesterol which was maximum at 8 and 9 
hours, At the 8 and 9-hour period after infusion of 
estriol, the change in relative composition produced 
bile which was outside the micellar zone and therefore 
consisted of two or more phases being supersaturated 
with cholesterol. From 8 and 9 hours onward the rela- 
tive composition of bile returned toward normal being 
within the limits of control composition after 12 hours. 
These changes are demonstrated in Figures 7, 8, and 9. 


Discussion 


The mechanism of gallstone formation has been divided 
into several states which progress from genetic or meta- 
bolic factors responsible for the formation of abnormal 
bile through a precipitation state where crystals form 
and a growth stage where the crystals grow to the 
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Fic. 6. The effect of estriol on the relationship between hourly 
bile volume and hourly bile salt secretion at various dose levels. 
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clinically significant stage of symptomatic galkstones.”® 
Traditionally surgeons have been concerned with the 
later stages of this scheme. Indeed some of the early 
experimental studies accentuated the role of pressure, 
stasis and infection in the pathogenesis of gallstones.’* 
21,22,29.34 With the documentation of a physicochemical 
basis for gallstones,!.?* emphasis shifted from the later 
stages of gallstone formation to the first and presumed 
initial stage, that of abnormal bile. Such emphasis 
seemed appropriate because early clinical studies? sug- 
gested secretion of abnormal hepatic bile as the most 
significant factor. 

The preduction of bile and its ultimate composition 
depends upon a complex process that consis:s of the 
uptake and/or synthesis of a variety of substances by the 
hepatic cell, transport of substances within ths hepatic 
cell and the excretion of organic and inorganic sub- 
stances. The entire system is controlled by several 
feedback mechanisms which relate to, amcng other 
things, bile salt pool size and the enterohepatic cir- 
culation. Early experiments with a model similar to 
that used in this study established the importance of the 
entero-hepatic circulation,” diet,*? operative interven- 
tion,” and pressure.** Each of these factors was care- 
fully controlled in our current experiments 30 that it 
was possible to evaluate the specific effect of estrogens 
upon bile physiology. 

Even if changes in bile composition due primarily 
to estrogens or other female hormones do occur during 
pregnascy, it is not surprising that earlie> workers 
could detect no changes since they used animals whose 
production of female hormones during pregnancy is 
qualitatively and quantitatively totally different from 
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Fic. 7. The effect of estriol 2 mg./kg. body weight on the relative 
composition of bile. The oval area represents the control relative 
compositions for four animals. The mean relative compositions at 
4, 8, and 10 hours is denoted by the numerals. The lines passing 
through the mean relative compositions enclose 2 stendard devia- 
tions for cholesterol, bile salts and phospholipids. The line of 
maximum solubility of cholesterol is that derived ky Carey and 
Small? at 2.5% of total solids?” 
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Fic. 8. The effect of estriol 4 mg./kg. body weight on the relative 
composition of bile. The oval area represents the control relative 
compcsitions for four animals. The mean relative compositions at 
4, 9, and 10 hours is denoted by the numerals. The lines passing 
through the mean relative compositions enclose 2 standard devia- 
tions for cholesterol, bile salts and phospholipids. The line of 
maximum solubility of caolesterol is that derived by Carey and 
Small’ at 2.5% of total solids. 


humans. For example Holzbach studied the gall- 
bladder bile of the pregnant guinea pig!® while more 
recently Jonson and Kalant studied the gallbladder of 
the pregnant rabbit, but neither of these studies 
demonstrated any change in the relative composition 
of gallbladder bile during pregnancy. Studies on the 
relative composition of bile during human pregnancy 
have produced conflicting observations. Riegel? and 
Potter! both demonstrated abnormalities of gallbladder 
bile during pregnancy but used obsolete chemical 
methods not acceptable by current standards. In a later 
study performed by Large,” no significant change 
in relative composition was demonstrated; however, 
this study is also inadequate since the bile acid com- 
ponent of total solids was measured as cholic acid 
which Admirand and Small? have demonstrated com- 
prises less than 50% of total bile acids. Estriol is the 
predominate kuman female hormone produced during 
the final trimester of pregnancy and so was used in the 
studies. 

Our data demonstrate that estriol has a definite 
effect on bile which involves several mechanisms, Since 
the biliary secretory pressure in vivo or in the per- 
fused liver exceed the sinusoidal pressure,’ Sperber’? 
suggested that bile flow into the canaliculi could not 
be due to hvdrostatic pressure but was more likely 
the result of an osmctic gradient between the canaliculus 
and the hepatocyte due to the active transport of bile 
salts into the canaliculi. This would hold true if bile 
salts are actively transported into bile as monomers. 
If bile salts were excreted into bile as micelles, how- 
ever, the osmatic effect of the bile salts would be minimal 
but the associated scdium ions moving within the micelle 
could be responsible for a large enough osmotic gradient 
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Fic. 9. The effect of estriol 8 mg./kg. body weight on the relative 
composition of bile. The oval area represents the control relative 
compositions for four animals, The mean relative compositions. at 
4, 8, and 10 hours is denoted by the numerals. The lines pa:sng 
through the mean relative compositions enclose 2 standard devia- 
tions for cholesterol, bile salts and phospholipids. The lin2 of 
maximum solubility of cholesterol is that derived by Carey and 
Small? at 2.5% of total solids. 


to maintain bile flow. If this second phenomenor is 
true, bile salt dependent flow is the direct result of 
passive sodium transport. Several workers have con- 
firmed that there is a relationship between bile selt 
secretion and bile fow*,45.41 as was true in our data at 
all estriol dose levels. The plot of bile volume aga rst 
bile salt secretion is linear and the slopes are all similer. 
However, if these plots are extrapolated to zero bile 
salt secretion, the vertical axis is cut at a positive in- 
tercept. This finding may be due to two possible meza- 
anisms. Firstly, at extremely low bile salt secreticn 
rates, the relationship may no longer be linear, or moze 
likely, there is a fraction of bile flow that is totely 
independent of bile salt secretion. This bile salt in- 
dependent fraction of bile may arise either from -Fe 
canaliculus or else from lower down the biliary tree 
at the ductualar level. Studies in various animals, us-ng 
erythritol clearance studies, have demonstrated that 
there is indeed a bile salt independent fraction of ti-e 
flow of canalicular origin! The documentation that 
canalicular bile salt independent flow is reduced Ly 
inhibitors of active sodium transport! coupled with 
the fact that isolated plasma membrane preparatiors 
from the liver demonstrate high levels of Na ~ EK’ 
activated adenosine triphosphate*}? suggests that kile 
salt independent flow of canalicular origin is due tb 
active transport of inorganic ions. 

The mechanisms by which estriol achieves a cor- 
sistent reduction in bile flow due to a dose related 
effect on both bile salt dependent and bile salt r- 
dependent flow is not clear from our data but sevezel 
possibilities exist. Firstly, estriol could interfere wta 
active transport of bile salts from the hepatocyte irto 
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the canaliculus. Supporting evidence for such a phe- 
nomenon is provided by studies of sulphobromo- 
phthalein (BSP) retention following estrogen therapy 
in man. This cyclic anion, which is handled by the 
liver in a manner similar to bile salts, has a reduced 
excretion rate following estrogen therapy and during 
pregnancy.** The estrogen induced defect in hepatic 
handling of BSP is not one of conjugation since normal 
amounts of BSP conjugated with glutathione are de- 
monstrated in the plasma.** The defect is one, therefore, 
of excretion but whether there are reduced amounts of 
BSP secreted by the hepatocyte or normal amounts 
secreted with a passive back diffusion of actively 
secreted BSP because of an estriol induced increased 
premeability of the canalicular membrane is not clear.1* 
A second possible mechanism for the reduced bile 
salt secretion is a functional interruption of the entero- 
hepatic circulation because of a change in bile salt 
transit time through the gut. The demonstration that 
estrogens cause a reduction in smooth muscle motility 
and partial atony of the gastrointestinal tract suggest 
such a mechanism. The major amount of bile salts 
is absorbed by active transport in the lower ileum®*° 
so reduced motility could produce functional interruption 
of the enterohepatic circulation. With time, this 
interruption could effect bile salt secretion rates and 
bile salt pool size.!! Indeed, Vlahcevic*® feels that 
reduced bile salt pools and thus a reduced bile salt 
secretion rate are a significant feature in patients with 
cholesterol gallstones. We do not feel that this latter 
mechanism acccunts for our results because the inter- 
ruption would have to be acute and nearly complete 
if it were to be the basis for the drastic changes shown. 
Observation of the animals revealed no change in eating, 
or in defecation, and bowel sounds remained active, 
effects which would have been anticipated if reduced 
bowel motility were pronounced. Other factors known 
to effect pool size or bile salt secretion rates were rigidly 
controlled in these experiments. Therefore, we have 
assumed that the effect of estriol in bile salt dependent 
flow is primarily due to an interference with active 
transport of bile salts from the hepatocyte into the 
canaliculus. Studies to prove this assumption are needed. 

These studies also demonstrate that estriol reduces 
bile salt independent flow, but we are unable “to 
delineate whether this reduction is at the canalicular 
or ductular level. 

The fact that the slope of the relationship between 
hourly bile salt secretion and bile flow is unchanged 
following variovs doses of estriol demonstrate that 
estriol does not change the osmotic effect of a micromole 
of bile salt. Each micromole of bile salt results in the 
secretion of between 14-15 microliter of water at all 
dose levels so our results for the osmotic activity of bile 
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salts compare favorably with previous studies in the 
Rhesus monkey." Therefore, the fluid presented to 
the ductal system has a normal osmolarity even though 
bile salt secretion has been changed by the estriol. 
There is ample evidence from erythritol clearance 
studies in the rat that the canalicular comdonent of 
bile salt independent flow is reduced following estrogen 
therapy.” This bile salt independent canalicular flow 
may be considered to be due to osmotic flow of fluid 
into the canaliculus in response to inorganic ion trans- 
port. Estrogens have been demonstrated to inhibit 
Na* — K* activated adenosine triphosphatase, an 
enzyme involved in the active transport of sodium 
across the cell membranes. It seems reasonable, there- 
fore, to postulate that estriol in vivo causes -lecreased 
sodium transport and so reduces canalicular bile- 
salt independent flow. 

Our current data do not establish whether the observed 
changes are specific for estrogen or whether they might 
occur with other drugs containing the steroid 
nucleus. However, in other studies related to the effects 
of ACTH infusion,4® the induced changes in plasma 
corticosteroid were not well correlated with bie volume 
changes. 

From the point of view of gallstone formation, the 
most significant effects of estrogens are reflected by 
changes in the relative composition of bile. Indeed this 
is the first study to demonstrate estrogen induced 
changes in relative composition of bile in primates. 
Admirand and Small! have suggested that patients with 
gallstones secrete an abnormal hepatic bile super- 
saturated with cholesterol. By poltting their data on 
triangular coordinates, they demonstrated that the 
hepatic bile of patients with cholesterol gallstones lay 
outside the micellar zone and consisted of twc or more 
phases. These studies led them to conclude that the 
lithogenic bile originates in the liver rather than in the 
gallbladder. It is obvious that since the so_ubilizing 
ability of bile for cholesterol depends on the relative 
amount of bile acid and phospholipid in bile, abnormal 
bile can result from a decreased’ secretion of bile 
acids and/or phospholipids, from an increased secre- 
tion of cholesterol, or from a combination of these 
changes. Grundy et al.'® suggest that in Americen Indian 
women there is an increased secretion of biliary choles- 
terol which is significantly different from Caucasian 
women without gallstones. The mechanism Ly which 
estriol induced lithogenic bile in our study (Figs. 7, 8, 9) 
was primarily through a reduced secretion of bile salts 
which was proportionately greater than the reduction 
in cholesterol and phospholipid secretion. The changes 
induced bv estriol in bile salt independent fow would 
not effect relative composition of bile unless the in- 
dividual components of bile were absorbed in the 
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ductal system in some differential fashion and there is 
no evidence available to support such a possibility. 
We are, therefore, led to conclude that estrogens effect 
the hepatic secretion of bile in such a way as to make 
it lithogenic because they interfere with the active 
transport of bile salts while producing a less pronouncec 
effect upon cholesterol or phospholipid secretion. These 
data suggest a possible reason for the high incidence of 
gallstones in females since it seems reasonable to hy- 
pothesize that in the final trimester of pregnancy changes 
in hepatic bile may occur due to high estrogen levels. 
Such lithogenic bile may, when exposed to the well 
defined biliary tree stasis that occurs during preg- 
nancy,*! result in the precipitation of microcrystals of 
cholesterol. Suksequent stone growth would only require 
time. 


Conclusion 


The current emphasis in research related to gallstone 
formation is upon factors responsible for the production 
of lithogenic bile. Since females have a higher incidence 
of gallstones than males, changes in bile due to estrogens 
were expected but had not been documented in an 
acceptable primate model. We have shown that estriol, 
the significant estrogen in human pregnancies, produces 
profound changes in bile salt dependent flow as well 
as in the bile salt independent flow in the monkey with 
an intact enterohepatic circulation. More importantly 
from the point of view of gallstone formation, the 
effects upon bile salts are much more pronounced than 
those upon cholesterol or phospholipid so that the 
relative composition of bile becomes lithogenic. The 
effects are dose related and seem to follow all the rules 
of drug induced changes. These data provide one 
reasonable basis for the higher incidence of gallstones 
in females. 
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DISCUSSION 
Dr. Joan W. Braascn (Boston): I am privileged to discuss 
this paper by Drs. Williams, Lynn, O’Brien and Egdahl, who are 
doing vital work exploring Don Small’s concept of bile JEkogenic- 
ity. 
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Dr. Williams and co-workers have initiated an inquiry into 
other possible influences on bile secretion and bile lithogenicity 
such as the possible influence of female hormones. It has already 
been shown that lithogenicity decreases following cholecystectomy 
(Shaffer, Braasch and Small, 1972) or chenodeoxycholic acid 
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feeding (Danzinger eż al.,1 1972) and that it increases following 
ileal resection. 

I would like to ask Dr. Williams if he plans to continue these 
studies to include the effect of chronic administration af hormones 
also and if the single dose studies that he has carried out are 
comparable on a weight basis to a single dose for contraception. I 
hope that he will continue this very interesting wcrk to relate 
it to human parameters. 


1. Danzinger, R. G., Hoffmann, A. F., Schornfield, L. J. et al.: 
Dissolution of Cholesterol Gallstones by Chenodzoxycholic 
Acid. New Engl. J. Med., 286:1, 1972. 

2. Shaffer, E. A., Braasch, J. W. and Small, D. M.: Ble Composi- 
tion at and after Surgery in Normal Persons and Patients 
with Gallstones. Influence of Cholecystectomy. New Engl. 
J. Med., 287:1317, 1972. 


Dr. Ronatp Tompkins (Los Angeles): I would like to con- 
gratulate Dr, Williams on the use of this elegant mcdel to study 
an area of biochemistry which previously has not been advanced 
to a level near the human. We have had some information from 
studies of pregnancy in guinea pigs and prairie dogs, and some 
lithogenic change takes place but I believe this is cne of the 
nicest studies in the primate. 

I have shared Dr. Williams’ concern about the triangular co- 
ordinate method of expressing the solubility of chclesterol only 
because o? the over-interpretation that some investigators give it. 
I am glad that he has shown that there are transiert changes in 
that system today, but not persistent changes. I believe, perhaps, 
a persistent change might be evident when one asas chronic 
administration of the hormones as Dr. Braasch suggested. 

A more sensitive and more specific method cf measuring 
cholesterol solubility in bile would be to measure tke amount of 
additional cholesterol which could be dissolved within a bile 
sample. I would like to ask Dr. Williams if he has done this study 
or if he intends to do so in the future. 

Finally, if he shows, as I think everyone suspects, that there is 
an effect of estrogen and female hormones on bile lithogenicity, 
what eftdocrine manipulation does he envisage for tnese patients 
in the future? Will he give them androgens or t»eat them as 
breast carcinoma patients? 


Dr. Franx G. Moopy (Salt Lake City): Dr. Williams and his 
group have brought before us a very elegant study couched in 
the modern concept that human primate bile under appropriate 
circumstances can become lithogenic. They pointed out very 
clearly that it is based upon the tool of plotting the composition 
of bile, the cholesterol, bile salts and the phosphelisid in the 
triangular coordinate. The whole concept is absolutely logical and 
should be true and I am rised that there is e tremendous 
groundswell of skepticism about the use of triangular coordinates 
in terms of looking at the lithogenicity of bile. 

I wonder if Dr. Williams might give us a little bit of a general 
discussion about some of these criticisms that are arising now in 
terms of using this particularly modality. 

He did not mention McSherry, Javitt anc Glenn who studied 
pregnant baboons in terms of lithogenicity of hepatc bile. I be- 
lieve that he should elaborate upon their findings ard possibly 
point out whether the dosages of estrogen that he was giving is 
in some way comparable to what might be seen physiologically 
either in the primate or in the human. 

I noticed from the data that your non-cannicular ble was in the 
range of about 50% of the amount of measuerd bile Jow which is 
about double what is usually seen. I wonder if vou have an 
explanation for that. f 

Finally, in terms of explaining your concept of the endocrine 
control of the enterohepatic circulation in bile flow, do you feel 
that this is rather specific for estrogens in terms o? their effect 
on cholestasis or is this something that you think yau would see 
with any other type of cholestatic agent. 
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Dr. Tuomas E. Hunr (San Francisco): I hesitate to make this 
comment but will put it in the “take it for what it’s worth” 
category. 

By some coincidence when the program reached us, Dr. Larry 
Way of our department was examining in retrospect our experi- 
ence with cholelithiasis. 

Using the information just presented, he worked back and found 
that during the period in which oral contraceptives became pop- 
ular, we noticed in our hospital a huge increase in the number 
of young women in the child-bearing age on whom we operated 
for gallstones. 


Dr. K. Atvin Merenpmo (Seattle): I am half apologetic for 
rising to discuss this paper because my comments will be tan- 
gential to the major thrust of this paper. The other half of me 
that is not apologetic tells me that I heard described an excellent 
experimental model for studying bile formation and bile dynamics, 
and also factors dealing with the etiology of gallstones. It is to 
these general areas I would speak. 

Regarding the latter, 4 months ago I presented a paper at the 
Southern Surgical Association which was entitled, “Man-Made 
Gallstones: A New Entity Following Cardiac Valve Replacement” 
and I think it is of sufficient interest to bring to your attention. 
The gallstones formed come about by virtue of a mild chronic 
hema which occurs with most implanted prosthetic valves. 
It has been thought since 1965 when mild hemolysis in the 
presence of prasthetic valves was first described, that it was 
innocuous, but my experience has indicated that it is not a 
benign process. 

We have two on-going studies at the University of Washington 
studying this particular problem. One is a prospective group of 
patients coming to the hospital who are going to have valve 
implantation, and a retrospective group that had prosthetic valve 
implantation some 18 to 96 months previously. 

It is of interest that the incidence of gallstones is 33% in the 
males studied so far in the retrospective study group. By what- 
ever criteria you use, and dependent upon whose autopsy figures 
you study, this represents four-and-a-half to ten times the normal 
incidence that one might expect in a similar age and race group. 
So we have created a problem which is not significant in that 
perhaps a hundred thousand prosthetic valves have been im- 
planted and they are annually being implanted at the rate of fifty 
thousand a year. 

The cardiac surgeon unwittingly and unhappily has made an 
excellent clinical experimental model, Dr. Williams. For those 
of you who have the opportunity of exploring some of these 
patients as we have, with T-tube drainage, perhaps such oppor- 
tunities may prove valuable in studying bile dynamics in this 
special situation with a proper clinical protocol. 

From this experience, it is obvious that when one speaks of 
the etiology of gallstones, one must include not only gallstones 
occurring in the naturally-occurring hemolytic states, but an ac- 
quired category must be added related to cardiac prosthesis im- 
plantation. 

In this era, when we are getting overly concerned about super 
specialism in surgeons, and we now speak of “one operation” 
surgeons, I would suggest to my surgical cardiac colleagues that 
they remain flexible and loose on this score, and attempt to main- 
tain proficiency in at least two operations. Cardiac valve implan- 
tation and cholecystectomy might be a good combination. 


Dr. Lester F. WitiaMs, Jr. (Closing): I would like to thank 
the discussants for some very pertinent questions and observa- 
ace I will try to answer them in the order in which they were 
asked. 

I, of course, was aware of Dr. Braasch’s work. I think it is very 
important to point out that initially Small, as well as a number 
of others, totally excluded the gallbladder as having an important 
effect. Now all are interested in this and at the present time we 
are using the baboon, not only because its bile may be different 
from the monkeys but also because it is big enough to construct 
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a model with the gallbladder, not only within the system (wkich 
it is not in these monkey experiments), but adequately funct:on- 
aE We have enough pilot data to show that the model will 
work. 

We have not yet used chronic administration to jump anead, 
nor have we used some of the other steroid nucleus drugs, but 
clearly we need to. 

Some time ago when studying an infusion of ACTH ard its 
effects on bile, we did note, in a series of monkeys that żkere 
was no significant change in bile volume. However, we did not 
have all of the other data which we have in the present exp=ri- 
ments so this is at best presumptive evidence for a sp=cific 
` estrogen effect. 

With respect to Dr. Tompkins’ questions, the guinea pig (I am 
not sure about the prairie agp) does not have the 
estrogen response during pregnancy as monkeys or humans. Ac- 
cordingly, such studies -from the past are difficult to equae to 
- our studies. We have not used other extensive methods for ce-er- 
mining the lithogenicity of bile. 

I think you are quite right to raise this issue because tc de- 


pend upon the triangular coordinates as the sole and absolite- 


criteria for everything you do is perhaps open to some questin. 
However, the theoretic and practical basis for this concept is vary 
well established and probably as useful as any of the oter 
methods. 

In this regard, those of you who have been following this litera- 
ture may have noted that my “line” is a little different ir -he 
latter slides than in the first slide. This is because Small end 
his. associates have redefined the line and changed it a' little bit, 
as will be published soon. I had the benefit of their new line. 

The endocrine manipulation which we envision obviously will 
require much more definition of the abnormalities and the tine 
sequence. Clearly one cannot consider manipulation if we are 
talking about long-term and continuous administration. Don- 
versely, there are compounds becoming available that could be 
used on an intermittent basis and therefore might be reasonable. 

Dr. Moody discussed the use of the “line,” and I have alrsedy 
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covered that. The doses of estrogen are such that the lower of 
the three doses is in the range which is seen in pregnancy, The 
other doses are higher than would commonly be encountered and 
are clearly above the dose range used in the usual contraceptive 
agents. 

With respect to canalicular flow (really bile salt independent 
fow) you are right that it is higher than that which has been 
reported. Time did not permit discussion of this feature, but the 
reason is that these animals were fed continuously, i.e. each hour. - 
They had keen trained to do so in order to get rid cf all the 
problems that come with intermittent induction of feeding 
changes, and intermittent release of GI tract hormones, all of 
which have an effect. In order to overcome this we have a con- 
stant feeding pattern throughout the 48 hours of the experiment 
which I suspect accounts for the difference in canalicular flow. 
I have already mentioned that we are not certain that this is 
specific for the estrogens. 

Dr. Hunt, I am not quite sure about the oral contreceptives. 
We have tried to look inta this clinically and plan to evaluate it 
experimentally by changing dosage level. The difficulty with not- 
ing an increase in young females who come to cholecystectomy is 
very involved. 

Some 10 or 12 years ago, when I was still in the military we 
looked up our series of cholecystectomies.and were surprised to 
find that we had a very high incidence of people with proven 
gallstones at a young age. What finally turned out as an explana- 
tion was the easy availability of diagnostic tests. I wonder, as we 
see an increasing incidence of young people with gallstones, how 
much of it is a real change in incidence and how much is, in fact, 
simply a matter of better and earlier diagnoses. 

Lastly, Dr. Merendino, the idea of chronic hemolysis with 
cardiovascular procedure problems, is intriguing but the problem 
is that such patients have a different kind of gallstone. The bio- 
chemistry of these stones, both in this circumstance and in a 
number of experimental animals, has been worked out. It does 
not follow the triangular coordinate approach which we have out- 
lined here. i 
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anti-emb 


Pulmonary Embolism is a major problem in 
active patients suddenly confined to bed. 
T.E.D. Stockings help prevent thrombosis 
and subsequent pulmonary embolism by 
providing encircling graduatec compres- 
sion. The construction and features in both 
the cotton and nylon styles, below knee and 
thigh length, are superior to any other anti- 
embolism stocking available. Let your 
Kendall salesman show you the differences 
and how you can immediate y fit most 
patients with one of the available sizes. 
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He has reprints of articles on pulmonary 
embolism and an In-Service Program that 
shows the how and why of T.E.D. or write 
The Kendall Company, Hospital Products 
Division, 309 West Jackson Blvd., Chicago, 
IL 60606 for further information. 


Contraindications: In patients with open ulcers, severe 
arteriosclerosis end other ischemic vascular diseases, and 
massive leg edema with imminent pulmonary edema from 
congestive heart disease. Any signs of irritation or red- 
ness of the skin should be carefully noted. 

Caution: Federal law restricts this device to sale by or 
use on the order of a physician. 
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CURITY 


innovates again 


Theirs Absorbs, 


While this would not be done in actual 
practice, this little demonstration with 
the colored water shows what can 
happen with accidental massive fluid 
run-off on an ordinary laparotomy drape 
—and the protection given by the 
CURITY® drape with troughs. When run- 
off occurs, the gown is protected from 
contact with the fluid. 

The area around the fenestration is 
kept dry because run-off is not absorbed 














Ours Has Troughs’ Built In 


by a sponge-like material. In addition to 
maintaining a dry working site, the water- 
proof troughs prevent aspiration, cauteri- 
zation and other instruments from falling® 
to the floor. Your Kendall salesman has 


trial samples of the CURITY® laparotomy 
drape with troughs or write The Kendall 
Company, Hospital Products Division, 
309 West Jackson Boulevard, Chicago, 
IL 60606. 
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Animportant advance 
in cancer chemotherapy 
from bristol Laboratories 


new Blenoxane 


(sterile bleomycin sulfate) 


An effective palliative 
agentand adjuvant to 
-~ radiotherapy and surgery 
in selected tumors. 


Please see last page for complete prescribing information. 
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new Blenoxane’ 


(sterile bleomycin sulfate) 
A selective, antineoplastic antibiotic 





Blenoxane (sterile bleomycin sulfate) is an antineoplastic formulation of bleomycin, the 
basic glycopeptide antibiotic isolated from a strain of Streptomyces verticillus in 1962. Although 
the exact mechanism of the agent’s antitumor effect is not completely understood, it is associated 
with an inhibition of DNA synthesis, with some evidence of lesser inhibition of RNA and 
protein synthesis. Most of the clinical experience with Blenoxane reported to date has involved 
patients in advanced stages of cancer who had failed to respond adequately to other drugs or 
modes of therapy. Even in these cases, however, Blenoxane has often produced good results. 


in selected 


in selected 
lymphomas 


in selected 
testicular 
carcinomas 


Site Patients 


Evaluable 


SCUAMOUS Cel] | terana necs isı 
carcinomas 





Larynx and paralarynx 52 
Cervix 69 
Vulva 13 
Vagina 4 
Penis 10 
Skin 29 





Type Patients 
Evaluable 
Hodgkin’s disease 116 
Reticulum cell sarcoma 29 
Lymphosarcoma 28 
Mycosis fungoides 9 


Type Patients 


Evaluable 





Embryonal cell 
carcinoma of the 
testes; treated with: 
bleomycin 29 
bleomycin plus vmblastine 13 
Choriocarcinoma of the 
testes; treated with: 
bleomycin 
bleomycin plus vinblastine 4 
Teratocarcinoma ef the 
testes; treated with: 
bleomycin 12 
bleomycin plus ymblastine 5 
Seminoma; treated with: 
bleomycin 1 
bleomycin plus vinblastine 1 


Number of 
Responses 


Number of 


Responses 


49 
11 
14 

5 


Number of 
Responses 


13 
10 


co to 


@@ This antibiotic has the 
highest rate of activity in 
squamous carcinoma that has 
so far been found for an¥ drug, 
and thus offers hope of new 
clinical studies that can provide 
a basis for better therapy. 99 1 


@@ Perhaps more striking is 
the very high incidence of 
prompt responses seen in 
advanced Stage IV Hodgkin’s 
disease. 9® 2 


@@ |n some tumors it appears 
to be as good as or even more 
efficacious than [previously 
available] chemotherapy.®® ° 


... with no depressant effect on 
hematopoietic or immunosuppressive 
mechanisms to date 


@@ The absence of toxic effects on the 
hematopoietic system and of any immun- 
suppressive action is emphasized, as this 
gives the drug a special importance.9® ° 


In the past two years, over 100 clinicians 
have investigated the therapeutic effects of 


Blenoxane (sterile bleomycin sulfate). Over 
1,300 patients have been treated in the major 


ancer care units in the United States. 

These studies have shown repeatedly zhat 
Blenoxane may be active against certain 
tuneors generally insensitive to other 
available agents ; that it may enhance the 
results achieved with certain other 
chemotherapeutic agents; and that 1t mey 
be an effective adjunct to indicated surgical 
procedures and radiotherapy. 

They have also demonstrated the 
complete absence of immunosuppressive 
or adverse hematopoietic effects to date 
Thus, Blenoxane may be potentially useful 
in combination with other agents, or in 
patients already exhibiting pancytopen a. 


1, Ohnuma, T., as reported in: J.A.M.A. 216:415 

e (Apr. 19) 1971. 

2. Krakoff, ILH.: The present status of cancer chemo- 
therapy, M. Clin. North Am. 55:683 (May) 1971. 

3. Clinical Screening Cooperative Group of the European 
Organization for Research on the Treatment of Caamcer. 
rit. M.J. 2:643 (June 13) 1970. 


new blenoxane ( sterile bleomycin sulfate) 





However, these same studies clearly 
indicate that Blenoxane is far from an 
innocuous agent. Pulmonary toxicity, 
occurring as pneumonitis in about ten 
per cent of patients, has led to pul- 
monary fibrosis and death even when 
detected in the early stages. 

In addition, approximately half of the 
patients will exhibit some dermatolog- 
ical manifestations of therapy with 
Blenoxane. The skin reactions are 
usually characterized by erythema or 
hyperkeratosis—most often on the 
hands and elbows—and potentially 
progressive to ulceration. 

Consequently, the physician will 
recognize that the clinical use of an 
agent such as Blenoxane presupposes 
a thorough knowledge of its potential 
applications, pharmacology, toxicity 
and clinical reeord—subjects which 
cannot be adequately reviewed ina 
communication of this type. 

We urge those physicians who antici- 
pate a use for Blenoxane to consult the 
Bristol Laboratories Introductory 
Monograph for information currently 
available on therapy with Blenoxance. 





. Please see last page for complete prescribing information. 


new blenoxane (sterile bleomycin sulfate) 


BLENOXANE™ (sterile bleomycin sulfate) 
3010DIRO-03 


WARNING. It is recommended that Blenoxane be administered 
under the supervision of a qualified physician experienced iu the 
use of cancer chemotherapeutic agents. Since facilities for nec- 
essary laboratory studies must be available, hospitalization of 
patients is recommended. 

Pulmonary fibrosis-is the most serious toxicity with Blenoxane. 
(See “Adverse Reactions” section. ) 

In the treatment of each patient, the physician must weigh 
carefully the possibility of achieving therapeutic benefit wrth 
the risk of toxicity. 

In 1% of patients, a hypersensitivity reaction, similar to ana- 
phylaxis clinically, occurred, particularly in lymphoma patients. 
This has resulted in death. 

The reaction which may be immediate or after several hours 
delay, occurs only after the first or second dose. It consists of 
hypotension, fever, chills, mental confusion, and wheezing. 

Usage in Pregnancy—Safe use of Blenoxane in preguant 
women has not been established. Therefore the benefits to the 
patient should be weighed against the potential toxicity to fetus 
or embryo. 


DESCRIPTION. Blenoxane (sterile bleomycin sulfate) is composed 
of basic cytotoxic glycopeptide antibiotics isolated from a stmin of 
Streptomyces verticillus. It is highly soluble in water. 

ACTION. Although the exact mechanism of action of Blenoxaue is 
unknown, available evidence would seem to indicate that the main 
mode of action is the inhibition of DNA synthesis with some evidence 
of lesser inhibition of RNA and protein synthesis. 

In mice, high concentrations of Blenoxane are found in the skin, 
lungs, kidneys, peritoneum and lymphatics. Tumor cells of the skin 
and lungs have shown a strong affinity for Blenoxane in contrast to 
the lack of affinity of hematopoietic tissue. This selective affinity of 
the drug for different sites and cell types creates a better ander- 
standing of the therapeutic benefits and the toxicity of Blenoxane. 

20 to 40% of an administered dose in humans is recovered in the 
urine as active bleomycin. 

INDICATIONS. Blenoxane should be considered a palliative treat- 
ment and/or adjuvant to surgery and radiation therapy. It has been 
shown to be useful in the management of the following neoplasms: 

Squamous Cell Carcinoma—head and neck including mouth, 
tongue, tonsil, nasopharynx, oropharynx, sinus, palate, lip, buccal 
mucosa, gingiva and epiglottis; skin; larynx and paralarynx; penis; 
cervix; vulva. The response to Blenoxane is poorer in patients with 
head and neck cancer which has been irradiated previous to Blemoxane 
therapy. 

Lymphomas—Hodgkins, reticulum cell sarcoma, lymphosascema., 
It is of special note that most of the Hodgkins patients treated to 
date had disseminated disease (Stage IV) no longer treatable by 
bone marrow depressant agents. 

Testicular Carcinoma—embryonal cell, choriocarcinoma, and 
teratocarcinoma. Studies to date have revealed that the use of vin- 
blastine sulfate with Blenoxane increases the response rate of testic- 
ular tumors. 

Other — Blenoxane has been shown to produce responses im some 
renal carcinomas, soft tissue sarcomas, and in the prevention of 
pleural fluid accumulation when administered intrapleurally. 
CONTRAINDICATIONS. Blenoxane is contraindicated in patients 
who have demonstrated a hypersensitivity to it in the past. 

The physician must weigh carefully the therapeutic benefit versus 

risk of toxicity which may occur. 
PRECAUTIONS. Blenoxane should be administered preferably to 
patients who are hospitalized and who can be observed carefully and 
frequently during and after therapy. It should be used with extreme 
caution in patients with significant impairment of renal function or 
compromised pulmonary function due to disease other than malig- 
nancy. 

To monitor the onset of pulmonary toxicity, roentgenograms of the 

chest should be taken every 1 to 2 weeks. If pulmonary changes are 
noted, treatment should be discontinued until it can be determimed 
whether the cause is drug related. Pneumonitis due to Blenoxane 
should be treated with corticosteroids in an effort to prevent pregres- 
sion to pulmonary fibrosis. Infectious pneumonitis should receive 
appropriate antibiotic therapy. 
ADVERSE REACTIONS. Skin—Skin changes were the most fre- 
quent side effect occurring in approximately 52.3% of treated pa- 
tients. These consisted of mouth ulcers, alopecia, hyperpigmentat.on, 
thickening, ulceration, redness, hyperkeratosis, nail changes, rash, 
vesiculation, tenderness, pruritus, hyperesthesia, peeling, stria, and 
bleeding. In only 0.2% of treated patients was it necessary to diseon- 
tinue Blenoxane therapy because of skin toxicity. 
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Skin toxicity was a relatively late manifestation developing usu- 
ally in the 2nd and 3rd week of treatment after 150 to 200 units of 
Blenoxane (sterile bleomycin sulfate) had been administered and, 
in general, was related to total cumulative dose. 

Pulmenary—This is potentially the most serious side effect, occur- 
ring in approximately 10% of treated patients. The most frequent 
manifestation is pneumonitis occasionally progressing to pulmonary 
fibrosis which may result in death. Approximately 1% of patients 
treated died of pulmonary fibrosis. An analysis of the data revealed 
that pulmonary toxicity is usually both dose and age related, being 
more common in patients over 70 years of age receiving over 400 
units total dose. However, this toxicity is unpredictable and has been 
seen occasionally in young patients receiving low doses. 

The identification of patients with pulmonary toxicity due to 
Blenoxane has been extremely difficult. The reason for this is the 
lack of specificity of the clinical syndrome, the x-ray changes and 
even the tissue changes seen on examination of biopsy and autopsy 
specimens. 

Blenoxane-indueed pneumonitis apparently produces dyspnea and 
fine rales that are in no way different from those produced by infec- 
tious pneumonias, or the signs and symptoms produced by primary 
or metastatic lung disease in some patients. 

On x-ray, Blenoxane-induced pneumonitis produces patchy opaci- 
ties, usually of the lower lung fields, that look the same as infectious 
bronchopneumonia or even lung metastases in some patients. 

The microscopie tissue changes due to Blenoxane toxicity are 
frequently present as bronchiolar squamous metaplasia, reactive 
macrophages, atypical alveolar epithelial cells, fibrinous edema, and 
interstitial fibrosis. The acute stage may involve capillary changes 
and subsequent fibrinous exudation into alveoli producing a change 
similar to hyaline membrane formation and progressing to a diffuse 
interstitial fibrosis resembling the Hamman-Rich syndrome. 

These microscopic findings are non-specific and are similar to the 
changes produced in radiation pneumonitis, pneumocystiec pneumo- 
nitis, and at times reaction to long-standing malignant pulmonary 
disease. 

Serial pulmonary function tests in 156 patients receiving Blen- 
oxane therapy revealed some demonstrable alteration in approxi- 
mately 20%. The most common changes were a decrease in total lung 
volume and a decrease in vital capacity. However, no predictive cor- 
relation between these changes and the development of pulmonary 
fibrosis could be ascertained. 

Other—Fever, chills, nausea, and vomiting were also frequent side 
effects. Pain at tumor site, phlebitis, and other local reactions were 
reported infrequently. e 

Toxicity to the renal, hepatic, and CNS may occur at any time 
after initiation of therapy and, as with any potent drug, these sys- 
tems should be monitored. 

It is noteworthy that there has been no evidence of bone marrow 
or immunological depression to date. This is contrary to the currently 
available antineoplastic drugs. 

Anorexia and weight loss are common and may persist long after 
termination of this medication. Since these signs and symptoms occur 
with malignancy, it may be difficult to evaluate the role of Blenoxane. 
DOSAGE. The following dose schedule is reeommended: Squamous 
cell carcinoma, lymphosarcoma, reticulum cell sarcoma, testic- 
ular carcinoma— 0.25 to 0.50 units/Kg. (10 to 20 units/ M2) given 
intravenously or intramuscularly weekly or twice weekly. 

Hodgkins Disease—0.25 to 0.50 units/Kg. (10 to 20 units/ M2) 
intravenously or intramuscularly weekly or twice weekly. After a 
50% response, the maintenance dose of 1 unit daily or 5 units weekly 
intravenously or intramuscularly should be given. 

Because of the possibility of anaphylaxis, all lymphoma pa- 
tients should be started with 5 units or less for the first 2 doses. 
If no acute reaction occurs, then the regular dosage schedule 
may be followed. 

Toxicity of Blenoxane appears to be dose-related with a 
striking increase when the total dose is over 400 units. Total 
doses over 400 units should be given with great caution. 

Hodgkins and testicular improvement are prompt and noted within 
two weeks. If no improvement is seen by this time, chances of im- 
provement are very low. Squamous cell cancers respond more slowly, 
sometimes requiring as long as three weeks before improvement is 
noted. 

ADMINISTRATION. Blenoxane may be given by the intramuscular, 
intravenous, intra-arterial, or subeutaneous routes. 

Intramuscular or Subcutaneous—Dissolve the contents of a 
Blenoxane ampule in 1 to 5 ml. of Sterile Water for Injection, U.S.P., 
Sodium Chloride for Injection, U.S.P., or 5% Dextrose in Water. 

Intravenous or Intra-arterial—Dissolve the contents of the am- 
pule in 5 ml. or more of a solution suitable for injection, e.g., phy- 
siologic saline or glucose, and administer slowly over a period of ten 
minutes. 

SUPPLY. Each ampule contains 15 units of Blenoxane as sterile 
bleomycin sulfate. NDC-0015-3010. 
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VANGUARD OF 
CONTEMPORARY SURGERY 


New Mosby references detail the latest 
surgical developments 





New 3rd Edition! 
DuVries’ SURGERY OF THE FOOT 


Now divided into three parts, this new 3rd edition first 
covers the biomechanics of the ankle and the foot. 
The second part considers specific disease entities 
and their effect on foot function, as well as congenital 
deformities, fracture dislocations, and traumatic in- 
juries. Part three offers chapters on special surgical 
correction procedures; again emphasizing tre ankle 
joint in discussions of open reduction, internal fixa- 
tion of fractures, and ligamentous repairs. This sec- 
tion also describes all major procedures perfo-med on 
the talus, subtalar joint, calcaneus, and more. 

Edited by VERNE T. INMAN, M.D., Ph.D.; with 13 contributors. 


August, 1973. 3rd edition, 568 pages plus FM I-X/l, 7” x 
10”, 1,041 illustrations. Price, $27.50. 


. CONFERENCE ON SHOCK 


The proceedings of a two-day symposium conducted 
in Glasgow in October, 1970, this book provides an 
authoritative overview of the many types and aspects 
of shock. Comprised of 27 papers arranged im logical 
order, it offers up-to-date information on this highly 
complex subject. Some of the areas covered include: 
cerebral blood flow in shock; monitoring the shocked 
patient; severe burns; and bacteraemic shock in preg- 
nancy. All of these reports were presented by recog- 
nized authorities in their respective fields and provide 
useful clinical information. 

Edited by IAIN McA. LEDINGHAM, M.B., Ch.B.Glas; and T. A. 


McALLISTER, M.B., Ch.B.Glas. 1972, 193 pages plus FM I-X, 
6” x 10”, 90 illustrations. Price, $16.50. 


New Volume XVIII! 


- INSTRUCTIONAL COURSE 
LECTURES 


A record of annual meetings held from 1962-1969 
(material previously available only in the Journal of 
Bone and Joint Surgery), this new 2-volume set con- 
tains articles pertinent to today’s practice cf ortho- 
paedics. Conveniently grouped according to subject 
matter, some specific topics discussed are: use of 
radioisotopes; osteotomy of the spine; complications 
associated with pelvic fracture; surgery for -heuma- 
toid arthritis; fascial transplants in relation tc muscle 
function; and surgical amputation in children. 

By the American Academy of Orthopaedic Surgeons: with 74 
contributors. September, 1973. Volume XVIII, 2 volumes, 686 


pages, FM I-XIV in each volume. 814” Xx 11”, 1,040 illustra- 
tions. Price, $77.00. 


A New Book! Swanson 


FLEXIBLE IMPLANT RESECTION 
ARTHROPLASTY IN THE 
HAND AND EXTREMITIES 


This outstanding volume was written by the developer 
of 23 different plastic artificial implants. He reports 
on his full-time research for the past 10 years, out- 
lining the problems seen in rheumatoid, traumatic 
and osteoarthritic conditions. Dr. Swanson details 
surgical indications, operative and postoperative tech- 
niques of flexible implant arthroplasty. Each discus- 
sion points out pitfalls of arthroplasty drawn from the 
author’s personal research. 

By ALFRED B. SWANSON, M.D., F.A.C.S. September, 1973. 368 


pages plus FM I-XVI, 7” x 10”, 552 illustrations. Price, 
$37.50. 


New Volume V! 


CURRENT PRACTICE IN 
ORTHOPAEDIC SURGERY 


This is the 5th book in a series geared to the advance- 
ment of the most current developments in orthopaedic 
surgical practice. Various chapters in this comprehen- 
sive book examine pollicization in congenital absence 
of the thumb, cervical spine in the child, ligamentous 
injuries of the knee, and muscular dystrophy. Dr. 
Robert L. Samilson, in a provocative chapter on scolio- 
sis in cerebral palsy, examines the little-studied re- 
lationship between these two diseases. 

Edited by JAMES P. AHSTROM, Jr., M.D.; with 15 contribu- 


tors. September, 1973. Volume V, 320 pages plus FM I-X, 634” 
x 934”, 325 illustrations. Price, $29.50. 
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BARDIC 


Baker Jejunostomy 
Catheter 

with Air-Port 
Adapter 


A Significant Aid in the Removal 
of Intestinal Obstruction When 
Complicated by a Distended Bowel 





The BARDIC Baker Jejunostomy Catheter with 
Air-Port Adapter is a biluminal plastic catheter 
size 16Fr. by 108” long. It has two opposing 
suction eyes, a 15cc latex balloon and inflation 
lumen complete with BARD valve. The Air-Port 
Adapter permits fingertip-controlled interrup- 
tion of suction. 

In operating for obstructions of the small intestine it is 
essential in the advanced cases to surgically decompress 
the distended bowel, as well as free the obstruction. 

In these advanced cases the dilated bowel has become 


atonic and can more quickly regain its peristalsis if com- 
pletely decompressed. In such situations this catheter is 





inserted into the jejunum through a purse-string suture 
approximately 12 inches distal to the ligament of Treitz, the 
purse-string is tightened and the balloon is inflated. 
The tube is then connected to low vacuum suction and 
advanced the length of the bowel as flatus and fluid are 
suction-evacuated and measured. The small inflated 
balloon, being firm rather than flaccid, enables the surgeon 
to obtain traction on the catheter and thereby propel 
it expeditiously along the length of the distended intestine. 
The Air-Port Adapter allows suction to be interrupted 
as needed, but may be substituted by a glass Y connection 
should it become necessary to irrigate any plugged 
material from the tube. After decompression is completed 
and the obstruction relieved, the intestine, threaded on 
the tube, is easily reduced into the abdomen in an orderly 
back and forth manner, avoiding acute angula- 
tions. The tube can be left indwelling for seven 
to ten days to protect against ileus and also 
l against obstructive angulation from recurring 
Hg, adhesions. The more extensive the loss of 
"J ) peritoneal surface from previous 
z hey peritonitis, granulomatous or surgical 
adhesions, the more quickly and surely 
will these adhesions reform. The in- 
dwelling tube guides the pattern of the 
early reformation of adhesions against 
obstructing or sharp angulations. A 
Witzel tunnel exit is used for the prox- 
imal end of the tube. Care should be 
exercised in making the tunnel not to obstruct 
the lumen of the jejunum at this point. It is less 
awkward to place the distal end of the tube 
lt through the stab incision in the left upper 
Tt quadrant of the abdominal wall at the begin- 
ning of the operation, rather than to pull*he 
double proximal end through the stab at the 
completion of the operation. 






ADVANTAGES 


The immediate technical operative advantages 
are: 


1. The site of the obstruction can be more safely 
visualized and freed without spillage. 


2. Respiratory embarrassment is immediately relieved. 


3. The abdominal wound can be more easily closed. 
4. There is less trauma to the eviscerated intestine. 


5. The opportunity for recurring obstruction is reduced. 


The physiologic advantages are even more important. 
The luminal, possibly toxic, content has been completely 
aspirated and measured. The collapse of the bowel 
permits prompt restoration of its blood circulation; edema 
can then subside, and peristalsis is recovered more 
promptly. Relief of the source of obstruction alone without 
decompression does not insure the immediate 

reversal of this edema, venous stasis and atonicity. Actu- 
ally, this decompression should be accomplished first to 
insure against spillage when a knife-like adhesion is 


freed, and to lend orderly neatness to the procedure. á 


+ 


« 
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Figure 1. The small inflated balloon, being firm 
rather than flaccid, enables the surgeon to obtain 
traction on the catheter and thereby propel if 
expeditiously along the length of the 

distended intestine. 


Figure 2. The Air-Port Adapter allows suction to 
be interrupted if the tip of tube engages the 
mucosa, but may be substituted by a glass Y corm 
nection should it become necessary to irrigate any 
plugged material from the tube. 


Figure 3. The small intestine threaded on tie 
long tube has been reduced into the abdomen in 
orderly folds. 


BARD 173013 

BARDIC® Baker Jejunostomy Cathe*er 

Pediatric Size 12Fr., 72” long with Air-Port Adap’er 
- 5 cc balloon 


BARD 173016 

BARDIC® Baker Jejunostomy Cathe’er 

Adult Size 16Fr., 108” long with Air-Port Adap-er 
` -15 cc balloon 
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circulation 


Documented by 10 independent 
investigators, in studies involving a total of 
1,809 patients: a low incidence of circula- 
tory depression with Talwin.* 


respiration | a 

Documented by 9 independent ; 
investigators, in studies involving a 
total of 1,296 patients: a low incidence 
of respiratory depression with 
Talwin.* 1,2,3,7,9-13 


urinary retention 


Documented by 4 independent 
investigators, in studies involving a 
total of 792 patients: a low incidence of 
urinary retention with Talwin.**!*"° 


narcotic controls 


Documented by 5 years of wide 
clinical use in many thousands of pa- 
tients: a low dependence liability with 
Talwin:’ Talwin is not subject to narcotic con- 
trols. Yet, Talwin iscomparable to narcotics in 
analgesic efficacy.” 








References: 1. Sadove, M. et al.: J.A.M.A. 189:199, July 20, 1964. 2. Hinshaw, J. R. 
ctal.: Am. J. Med. Sci. 251:57, Jan. 1966. 3. Gaines, H. R.: II. Med. J. 131:324, March 
1967. 4. Marks, M. M.: Int. Surg. 48:519, Dec. 1967. 5. O’Connell, T.C. J. etab: J. Ir. 





Med. Assoc. 61:357, Oct. 1968. 6. Lal, S. et al.: Lancet 1:379, Feb. 22, 1969. 7. Scott, J 
M. E. and Orr, Rosemary: Lancet 1:1065, May 31, 1969. 8. Wallace, G.: Int. Surg. 
53:135, Feb. 1970. 9. Befeler, D. and Giatinni, J. E: Int. Surg. 54:219, Sept. 1970. 
10. Grossman, J. A. and Enselberg, C. D.: Curr. Ther. Res. 13:505, Aug. 1371. 
11. Jennett, S. et al.: Br. J. Anaesth. 40:864, Nov. 1968. 12. Davie, I. et al: Fr. J. 
Anaesth. 42:113, Feb. 1970. 13. Glass, P et al.: Am. Rev. Resp. Dis. 102:116, July 1970. 
14. Stoelting, V. K.: Anesth. Analg. 44:769, Nov.-Dec. 1965. 15. Anderson, E. C. ctal.: 
J. Urol. 96:584, Oct. 1966. 16. Wilkey, J. L. ct al.: J. Urol. 97:550, March 1967. 
17. Wendel, H. A.: Med. Counterpoint 3:9, June 1971. 
*See next page for a complete discussion of Warnings, Precautions, 
Adverse Reactions, and other Prescribing Information. 
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Brief Summary 

Talwin® brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 

Indications: For the relief of moderate to severe 
pain. Talwin may also be used for preoperative or 
preanesthetic medication and as a supplement to 
surgical anesthesia. 

Contraindication: Talwin should not be adminis- 
tered to patients who are hypersensitive to it. 
Warnings: Drug Dependence. Special care should 
be exercised in prescribing pentazocine lor 
emotionally unstable patients and tor those with a 
history of drug misuse. Such patients should be 
closely supervised when long-term therapy is 
contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, rarely, 
in patients without such a history. Abrupt discon- 
tinuance following the extended use of parenteral 
Talwin has resulted in symptoms such as ab- 


dominal cramps, elevated temperature, rhinorrhea, 


restlessness, anxiety, and lacrimation. Even when 
these occurred, discontinuance has been accom- 
plished with minimal difficulty. In the rare patient 
in whom more than minor difficulty has been 
encountered, reinstitution of parenteral Talwin 
with gradual withdrawal has ameliorated the 
patient's symptoms. Substituting methadone or 
other narcotics for Talwin in the treatment of the 
Talwin abstinence syndrome should be avoided. 
In prescribing parenteral Talwin for chronic use, 
particularly if the drug is to be self-administered, 
the physician should take precautions to avoid 
increases in dose and frequency of injection by 
the patient and to prevent the use of the drug in 
anticipation of pain rather than for the relief of 
pain. 

Just as with all medication, the oral form of Talwin 
is preferable for chronic administration. 

Head Injury and Increased Intracranial Pressure. 
The respiratory depressant effects of Talwin and 
its potential for elevating cerebrospinal fluid pres- 
sure may be markedly exaggerated in the pres- 
ence of head injury, other intracranial lesions, or 
a preexisting increase in intracranial pressure. 
Furthermore, Talwin can produce effects which 
may obscure the clinical course of patients with 
head injuries. In such patients, Talwin must be 
used with extreme caution and only if its use is 
deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancyg@ other than labor) has not been estab- 
lished. Animal reproduction studies have not 
demonstrated teratogenic or embryotoxic effects. 
However, Talwin should be administered to preg- 
nant patients (other than labor) only when, in the 
judgment of the physician, the potential benefits 
outweigh the possible hazards. Patients receiving 
Talwin during labor have experienced no adverse 
effects other than those that occur with commonly 
used analgesics. Talwin should be used with 
caution in women delivering premature infants. 
Acute CNS Manifestations. Patients receiving 
therapeutic doses of Talwin have experienced, in 
rare instances, hallucinations (usually visual), 
disorientation, and confusion which have cleared 


spontaneously within a period of hours. The 
mechanism of this reaction is not known. Such 
patients shauld be very closely observed and vital 
signs checked. If the drug is reinstituted it should 
be done with caution since the acute CNS 
manifestations nay recur. 

Usage in Children. Because clinica! experience in 
children under twelve years of age is limited, the 
use of Talwan ir this age group is not recom- 
mended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasicnal euphoria have been noted, ambu- 
latory patiemts should be warned not to operate 
machinery, drive cars, or unnecessarily expose 
themselves to hazards. 

Precautions: Certain Respiratory Conditions. The 
possibility that Talwin may cause respiratory 
depression should be considered in treatment of 
patients with b-onchial asthma. Talwin should be 
administered only with caution and in low dosage 
to patients with respiratory depression (e.g., from 
other medication, uremia, or severe infection), 
obstructive respiratory conditions, or cyanosis. 
Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impairment, 
the drug should be administered with caution to 
patients wi h such impairment. Extensive liver dis- 
ease appears to predispose to greater side 
effects (e.c., marked apprehension, anxiety, dizzi- 
ness, sleepiness) from the usual clinical dose, 
and may be the result of decreased metabolism of 
the drug b~ the liver. 

Myocardia. Infarction. As with all drugs, Talwin 
should be used with caution in patients with myo- 
cardial infarction who have nausea or vomiting. 
Biliary Surgery. Until further experience is gained 
with the efsects of Talwin on the sphincter of 
Oddi, the crug should be used with caution in 
patients about to undergo surgery of the biliary 
tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic amtagonist. Some patients previously 
given narcotics, including methadone for the daily 
treatment ef narcotic dependence, have experi- 
enced mild withdrawal symptoms after receiving 
Talwin, 

CNS Effec’. Caution should be used when Talwin 
is adminis ered to patients prone to seizures; 
seizures have occurred in a few such patients in 
association w th the use of Talwin although no 


cause and effect relationship has been established. 


Adverse Reactions: The most commonly occur- 
ring reactions are: nausea, dizziness or lighthead- 
edness, vomiting, euphoria. 

Infrequenfly occurring reactions are—respiratory: 
respiratory depression, dyspnea, transient apnea 
in a small number of newborn infants whose 
mothers received Talwin during labor; cardiovas- 
cular: circulatory depression, shock, hypertension; 
CNS effects: sedation, alteration of mood (ner- 
vousness, apprehension, depression, floating feel- 
ing), dreams; gastrointestinal: constipation, dry 
mouth; dermétologic including local: diaphoresis, 
sting on injection, flushed skin including plethora, 
dermatitis including pruritus; other: urinary reten- 
tion, headache, paresthesia, alterations in rate or 
strength of uterine contractions during labor. 
Rarely reported reactions include—neuromuscular 
and psychiatric: muscle tremor, insomnia, disori- 
entation, kallucinations; gastrointestinal: taste 
alteration diarrhea and cramps; ophthalmic: 
blurred vision, nystagmus, diplopia, miosis; other: 
tachycardia, soft tissue induration, nodules, 
cutaneous depression, and ulceration (sloughing) 
at the injection site, weakness or faintness, chills, 
moderate transient eosinophilia, allergic reactions 
including edema of the face. 

See Acute CNS Manifestations and Drug 
Dependerace under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patients in Lebor. The recommended single 


parenteral dose is 30 mg. by intramuscular, SUD- 
cutaneous, or intravenous route. This may be 
repeated every 3 to 4 hours. Doses in excess of 
30 mg. intravenously or 60 mg. intramuscularly 

or subcutaneously are not recommended. Total 
daily dosage should not exceed 360 mg. As with 
most parenteral drugs, when frequent daily injec- 
tions are needed over a prolonged period, intra- 
muscular administration is preferable to subcuta- 
neous. In addition, constant rotation of injection 
sites (e.g., the upper outer quadrants of the but- 
tocks, mid-lateral aspects of the thighs, and the 
deltoid areas) is recommended 

Patients in Labor. A single, intramuscular 30 mg. 
dose has been most commonly administered. An 
intravenous 20 mg. dose has given adequate pain 
relief to some patients in labor when contractions 
become regular, and this dose may be given two 
or three times at two- to three-hour intervals, as 
needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of age 
is limited, the use of Talwin in this age group is 
not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates because 
precipitation will occur. 

Overdosage: Manifestations. Clinical experience 
with Talwin overdosage has been insufficient to 
define the signs of this condition. 

Treatment. Oxygen, intravenous fluids, vasopres- 
sors, and other supportive measures should be 
employed as indicated. Assisted or controlled ven- 
tilation should also be considered. Although 
nalorphine and levallorphan are not effective anti- 
dotes for respiratory depression due to overdos- 
age or unusual sensitivity to Talwin, parenteral 
naloxone (Narcan®, available through Endo 
Laboratories) is a specific and effective antagonist. 
Talwin is not subject to narcotic controls. 

How Supplied: Ampu/s of 1 ml. (30 mg.), 1% ml. 
(45 mg.), and 2 ml. (60 mg.) in boxes of 25. 

Each 1 ml. contains Talwin (brand of pentazocine) 
as lactate equivalent to 30 mg. base and 2.8 mg. 
sodium chloride, in water for injection. 

Multiple dose vials of 10 ml., each 1 ml. contain- 
ing Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base, 2 mg. acetone sodium 
bisulfite, 1.5 mg. sodium chloride, and 1 mg. 
methylparaben as preservative, in water for injec- 
tion. Boxes of 1. 

The pH of Talwin solutions is adjusted between 

4 and 5 with lactic acid and sodium hydroxide. The 
air in the ampuls and vials has been displaced 
by nitrogen gas. 
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_ Smplihed adult dosage guidelines 
IN SCTIOUS Sram-negatree INJECTIONS... 


Over 


132 lhs. Se 
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The recommended dosage of GARAMYCIN Le 
Injectable for serious infections in patients “%3 
with normal renal function is 3 mg./kg./day 

administered in three equal doses every 8 hours. 


Life-Threatening infections: Dosages of up 
to 5mg./kg./day may be administered in 
three or four equal doses. This dosage 
should be reduced to 3 mg./kg./day 
as soon 3% Clinically indicated. 


“Due to susceptible organisms 


| WARNING 
Patients treated with GARAMYCIN Injectable should or discontinuance of the drug. 





be under close clinical observation because of the In ewent of overdose or toxic reactions, pe ti 

| potential toxicity associated with the use of this drug. dialysis or hemodialysis will aid in removal of 7 

| Ototoxicity, both vestibular and auditory, can occur gentamicin from the blood. s 

| in patients, primarily those with pre-existing renal Serum concentrations should be monitored wher, = 

| damage, treated with GARAMYCIN Injectable, feasible and prolonged concentrations above 12 mcg? 

usually for longer periods or with higher doses than ml. should be avoided. 
recommended. Concurrent use of other neurotoxic and/or nephro- 

| GARAMYCIN Injectable is potentially nephrotoxic, toxic d'ugs, particularly streptomycin, neomycin, 

and this should be kept in mind when it is used in kanamycin, cephaloridine, viomycin, polymyxin B, and 
patients with pre-existing renal impairment. polymyxin E (colistin), should be avoided. 

| Monitoring of renal and eighth nerve function is The cencurrent use of gentamicin with potent 
recommended during therapy of patients with known diuretics should be avoided, since certain diuretics by 
impairment of renal function. This testing is also themseives may cause ototoxicity. In addition, when | 
recommended in patients with normal renal function administered intravenously, diuretics may cause a rise | 
at onset of therapy who develop evidence of nitrogen in gentamicin serum level and potentiate neurotoxicity. 
retention (increasing BUN, NPN, creatinine or oliguria), USAGE IN PREGNANCY Safety for use in pregnancy 
Evidence of ototoxicity requires dosage adjustments has not been established. 
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In adults with impaired renal function, 
the single dose of GARAMYCIN Injectable 
given by patient weight remains the same 
(3 mg./kg./day); however, the interval 
between doses must be extended. 


This interval may be approximated by multiplying 
the serum creatinine by 8 as follows: 


Serum creatinine oie frequency of administration 
(mg./ 100 ml.) - (in hours) 


This dosage schedule is not intended as a rigid 


recommendation, but is provided as a guide to dosage when 
the measurement of gentamicin serum levels is not feasible. 


Duration of therapy—7 to 10 days 


The usual duration of treatment is 7 to 10 days. In 


difficult and complicated infections, a longer course of 
therapy may be necessary. 
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LM./IN. 








40 mg. per ml. 


Each ml. contains 
gentamicin sulfate equivalent 
to 40 mg. gentamicin 


See Clinica’ Considerations section which follow 
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adult dosage 
guidelines for 


Garamycin 


LM/I. 


40 mg. per ml. 


Each ml. contains 
gentamicin sulfate equivalent 











to 40 mg. gentamicin 


GARAMYCIN® Injectable, brand of gentamicin 
sulfate U.S.P., injection, 40 mg. per ml. 

Each ml. contains gentamicin sulfate equivalent 
to 40 mg. gentamicin 

For Parenteral Administration 





WARNING 


Patients treated with GARAMYCIN Inject- 
able should be under close clinical obser- 
vation because of the potential toxicity 
associated with the use of this drug. 

Ototoxicity, both vestibular and auditory, 
Can occur in patients, primarily those with 
pre-existing renal damage, treated with 
GARAMYCIN Injectable, usually for longer 
periods or with higher doses than 
recommended. 

GARAMYCIN Injectable is potentially | 
nephrotoxic, and this should be kept in | 
mind when it is used in patients with pre- 
existing renal impairment. 

Monitoring of renal and eighth nerve 
function is recommended during therapy 
of patients with known impairment of renal 
function. This testing is also recommended 
in patients with normal renal function at 
onset of therapy who develop evidence 
of nitrogen retention (increasing BUN, 
NPN, creatinine or oliguria). Evidence of 
ototoxicity requires dosage adjustments or 
discontinuance of the drug. 

In event of overdose or toxic reactions, 
peritoneal dialysis or hemodialysis will aid 
in removal of gentamicin from the blood. 

Serum concentrations should be moni- 
tored when feasible and profonged con- 
centrations above 12 mcg./ml. should 
be avoided. 

Concurrent use of other neurotoxic and/ 
or nephrotoxic drugs, particularly strepto- 
mycin, neomycin, kanamycin, cephalori- 
dine, viomycin, polymyxin B,and polymyxin 
E (colistin), should be avoided. 

The concurrent use of gentamicin with 
potent diuretics should be avoided, since 
certain diuretics by themselves may cause 
ototoxicity. In addition, when administered 
intravenously, diuretics may cause arise 
in gentamicin serum level and potentiate 
neurotoxicity. 


USAGE IN PREGNANCY Safety for use in 
pregnancy. has not been established. 

















INDICATIONS GARAMYCIN Injectable is 
indicated, with due regard for relative toxicity of 
antibiotics, in the treatment of serious infection: 
caused by susceptible strains of the following 
microorganisms: 

Pseudomonas aeruginosa, Proteus species 
(indole-positive and indole-negative), Escherichia 


coli and Klebsiella-Enterobacter-Serratia species. 


Clinical studies have shown GARAMYCIN 
Injectable to be effective in septicemia and 
serious infections of the central nervous system 






(meningitis), urinary tract, respiratory tract, 
gastrointestinal tract, skin and soft tissue 
(including burns 

Bacteriologic tests to determine the causative 
organisms and their susceptibility to gentamicin 
should be performed. 


Bacterial resistince to aes develops 
slowly in stepwise fashion; there “ive been no 
one- step mutetiors to high resistanc GC 

In suspected or documented a egative 


sepsis, GARAMYCINM may be noneidetcd as initial 
therapy. The Gecisicn to continue therapy with 
this drug should t= based on the results of 
susceptibility tests, the severity of the infection, 


and the important additional concepts contained 
in the Warning Box. In the neonate with suspected 
sepsis or staphylococcal pneumonia, a penicillin 


type drug is usual'y ndicated as concomitant 
antimicrobial therapy. 

GARAMYCIN In eetable has been shown to be 
effective in serious staphylococcal infections. It 
may be considerec in those infections when 
penicillins or othe’ less potentially toxic tle a 
are contraindicated and bacterial susceptibility 
testing and clinica judgment indicate its use. 

CONTRAINDICATIONS A history of hypersensi- 
tivity to gentamicin is a contraindication to its use. 
WARNINGS See Warning Box. 

PRECAUTIONS Weusromuscular blockade and 
respiratory p aralys:s have been reported in the cat 
receiving high doses (40 mg./kg.) of  gemamicin. 
The possibility of tasse phenomena occi rring in 
man should be corsi: idered if gen tAE nis 
administered to patients receiving neuromus 
blocking agents such as succinylcholine and 
tubocurarine. 

Treatment with certamicin may result in over- 
growth of nons SUSCE p'ible organisms. If this 
occurs, appropriate therapy is indicated. 
ADVERSE REACTIONS: 

Nephrotoxicity: Adverse renal effects, as demon- 
strated by rising BBN, NPN, serum creatinine 
and oliguria, have been reported. They occur 
more eeaueniy in patients with a history of renal 
impairment treated w th larger than recom- 
me ended dos: age. 

Neurotoxicity: Acverse effects on both vestibular 


cular 


and auditory brancfes of the eighth nerve have 
been reported in pat ents on high dosage anc/or 
prolonged therapy. Symptoms include dizziness, 
vertigo, tinnitus, roaring in the ears and hearing 
loss. 


Numbness, skin fingling, muscle twitching, 
and convulsions have also been reported. 

Note: The risk of soxic reactions is low 
with normal renal funetion who do not receive 
GARAMYCIN Injectable at higher doses or for 
longer periods of time than recommended. 

Other reported acverse reactions, possibly 


in patients 


related to gentamicin, include increased serum 
transaminase (SGOT, SGPT), increased serum 


bilirubin, transient kenatomegaly, decreased 
serum calcium; splenemegaly, anemia, increased 
and decreased reticulocyte counts, granulocyto- 
penia, thrombocytopenia, purpura; fever, rash, 


itching, urticaria, generalized burning, joint pain, 
laryngeal edema; nausea, vomiting, headache, 
increased salivation, lethargy and decreased 
appetite, weight loss, pulmonary fibrosis, hypo- 
tension and hypertension. 

DOSAGE AND ADMINISTRATION GARAMYCIN 
Injectable may be given intramuscularly or 
intravenously. 

For Intramuscular Administration: 

PATIENTS WITH NORMAL RENAL FUNCTION# 

Adults: The recommended dosage for 
GARAMYCIN Injectable for patients with serious 
infections and normal renal function is 3 mg./kg./ 
day, administered in three equal doses every 
8 hours. 

For patients weighing over 60 kg. (13 ), to 
usual dosage is 80 mg. (2 ml.) three times sat 
For patients weighing 60 kg. (132 Ib.) at ees, the 
usual dosage is 60 mg. (1.5 ml.) three times daily. 

In patients with life-threatening infections 
dosages up to 5 mg./kg./day may be administered 
in three or four equal doses. This dosage should 


be reduced to 3 mg./kg./day as soon as clinically 
indicated. 
*In children and infants, the newborn, and 


patients with impaired renal function, dosage 
must be adjusted in accordance with instructions 
set forth in the Package Insert. 
For Intravenous Administration: 

he intravenous administration of GARAMYCIN 
Injectable is recommended in those circumstances 
when the intran nuscl ilar route is not feasible (e.g., 
patients in shock, with hematologic disorders, 
with severe aes ns, or with reduced muscle mass). 

For intravenous administration, in adults, a 
single dose of ee gl Injectable may be 
diluted in 100 or‘200 ml. sterile normal saline 
or ina sterile solution of va xtrose 5% in water; 
in i infants and children, the volume of diluent 
should be less. The concentration of gentamicin 
in solution in b oth instances should norn ally not 
exceed 1 mg./ml. (0.1% ). The solution is infused 
over a period cf 1 to 2 hours. 

The recommended dose for intravenous admin- 
istration is identical to that recommended for 
earn scular use. 

GARAMYCIN Injectable should not be physi- 
cally premixed with other drugs, but should be 
administered separately in accordance with the 
recommended route of administration and dosage 
schedule. 

HOW SUPPLIED GARAMYCIN Inje 
per mi., 2 ml. multiple-dose vials 
administration. 

Also available, GARAMYCIN Pediatric Injectable, 
10 mg. per ml., 2 ml. multiple-dose vials for 
parenteral administration. MARCH 1973 
016 


stable, 40 mg. 
5 for parenteral 


AHFS Category 8:12.28 


For more complete prescribing details, consult 
Package Insert or Physicians’ Desk Reference. 
Schering literature is also available from your 
Schering Representative or Professional Services 
Department, Schering Corporation, Kenilworth, 
New Jersey 07033. SLR-455 
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Fourth Edition! 


SURGERY 


Principles and Practice 


By Jonathan E. Rhoads, M.D., D.Sc. (Med), J. Garrott Allen, M.D., 
the late Henry N. Harkins, M.D., Ph.D., and Carl A. Moyer, M.D. 
With 36 Contributors 


Strengthened by complete updating, this 
revision emerges as the best of the four 
editions of this classic. You'll find eight 
new contributors, two brand new chap- 
ters and 106 new illustrations. 


The entirely new chapters reflect today’s 
achievements and directions in surgery: 
Tissue and Organ Transplantafion and 
The Molecular Attack on Cancer. 


Chapters extensively revised nclude: 
Principles of Hand Surgery; Physiology 
of the Pituitary and Adrenal Glands; 
Military Surgery; Tumors of the 
Colorectum. 

Anatomic, pathologic, physiologic, and 
biochemical factors relevant to surgical 
practice are interwoven throughout, to 


foster accurate diagnosis and jadicious 
operative and postoperative care 


1864 Pages o 


J. B. LIPPINCOTT COMPANY 
East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 





SURGERY: Principles and Practice ... 1.2... ccc ccc eee eee eee nett teen eee e ee ennnes $24.00 

Nam 

Address 

City State Zip-——_—_— 
C] Payment Enclosed [] Bill me AS 10/73 


758 Illustrations e 4th Edition, 1970 e 





This Fourth Edition continues to ad- 
vance its editors’ objectives: to explain, 
understandably and completely, the basic 
principles of surgery. 


FROM REVIEWS 
OF THIRD EDITION... 


“the best textbook and general sum- 
mary of surgical practice that has been 
written.” 

— Surgery, Gynecology and Obstetrics 


“should be on the shelf of every 
aspirant for surgical approval. . . .”’ 
— Group Practice 


“should appear on the bookshelves of 


everyone interested in the overall subject of 
surgery.” —GP 


$24.00 
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FLUOTHANE 
„OVER 100 








(HALOTHANE) 


ADMINISTRATIONS 


In 16 years of use in the United States, 
FLUOTHANE (halothane) has been ad- 
ministered over 100 million times in a wide 
variety of surgical procedures. 100 million 
...extensive usage and evaluation that 
attests to FLUOTHANE as the most widely 
used inhalant anesthetic. 

Since it was first introduced, over 
4,000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 

a bibliographic record of note on the most 
widely used inhalant anesthetic. 

Ina continuing program of informa- 
tional services on anesthesiology, Ayerst 
provides printed and audiovisual aids 
reflecting the opinions and experiences of 
recognized authorities in the field. These 
include the highly regarded series on 
Anesthesia Rounds and Clinical Aspects of 
Anesthesiology, as well as several films of 
educational value—all available through 
your Ayerst Representative. 





MILLION 








@ nonflammable, nonexplosive 

@ permits use of high concentrations of 
oxygen 

@ allows free use of cautery for more 
adequate control of bleeding 

@ minimal odor facilitates smooth, rapid 
induction, reduces patient distress 

è early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 
è lessens airway problems 


è permits rapid adjustment of depth of 
anesthesia 


@ emergence is rapid and tranquil with 
quick recovery of protective reflexes 


è minimal nausea and vomiting, shorter 
recovery room stay 


A t See last page of advertisement 
® for prescribigg information. 


FLUOTHANE 


brand of halothane 
the most widely used 


inhalant anesthetic 


from 


for precision, experience, 
quality, and service 





(Complete text of package circular.) 

Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 


F Br 





Cl 


re—— C— C 
F H 


The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° C.-51° C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/ gas coefficient is 2.5 at 37° C., and 
the olive oil/water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
FLUOTHANE is soluble in rubber, some 
plastics, and similar materials; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stabil- 
ity of FLUOTHANE is maintained by the 
addition of 0.01 per cent thymol (w/w), 
and storage is in amber colored bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizing bottles not specifically 
designed for its use. It is recommended 
that vaporizers be emptied at the end of 
each operating day. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 


rapidly altered. FLUOTHANE progres- 
sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOT4ANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles, 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE ircreases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate museular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents FLUOTHANE is a potent 
uterine relaxant. 

Indications. -LUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of genera anesthesia. 
Contraindications. FLUOTHANE should 
be avoided when a previous exposure was 
followed by fever and jaundice, or when 
there was an unexplained postoperative 
fever. 

FLUOTHANE ss not recommended for 

obstetrical anestnesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should be used in 
vaporizers that permit a reasonable ap- 
proximation of output, and preferably of 
the calibrated type. The vaporizer should 
be placed out of circuit in closed circuit 
rebreathing systems; otherwise overdos- 
age is difficult to avoid. The patient 
should be closely observed for signs of 
overdosage, i.e., Gepression of blood pres- 
sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE sheuld not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnormal- 
ities involving liver dysfunction, including 
a history of viral hepatitis, may be a 
basis for selecting an anesthetic other 
than a halogerated agent. 


The uterine relaxation obtained with 
FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordin- 
arily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesiasince 
their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 
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T HAS BEEN almost a decade since the first attempt 

was made to treat a child with hepatic glycogen 
storage disease by portal diversion.~* On the basis of 
animal experiments,**** it was hoped to make dietary 
glucose more readily available to peripheral tissues, 
to coincidentally deglycogenate the liver, ard to pal- 
liate other complications such as acidosis. This patient, 
as well as a second one described by Ridde.l, Davies, 
and CRirk?! had the operation of portacaval transposi- 
tion, a procedure developed in dogs by Chid and as- 
sociates’ whereby the diverted portal inflow ss replaced 
with venous blood from the suprarenal inferior vena 
cava. 

Although the transposition was used in order to avoid 
the potential hazards of Eck fistula, it was suggested 
in our original report and in subsequent ones by Her- 
mann and Mercer!! and ourselves” that an 2nd-to-side 
portacaval anastomosis probably would te just as 
effective and that certainly it would be technically 
safer by virtue of omission of the second vendus anasto- 
mosis. The simpler procedure of portcaval shunt has 
been used in all subsequent cases that have appeared 
in the literature"? as well as for the last five cases 
in dur series herein reported. Folkman anc associates 
have recently shown that a further reduction of opera- 
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tive risks in patients with glycogen storage should be 
possible by parenteral hyperalimentation and conse- 
quent preoperative amelioration of hepatomegaly, aci- 
dosis, and other metabolic abnormalities.® 

The present communication has two general purposes. 
The first is clinical. Our own as well as the collected 
world experience with portal diversion for hepatic 
glycogen storage disease will be recounted, adding 
now to a total of 13 cases and including follow-ups 
of 9% and 8 years, respectively, for our oldest patient 
and for Riddell’s patient?! who immigrated from Bris- 
tol, England, to Canada in 1968. This latter boy was 
recently seen and studied in Denver along with our own 
six surviving patients. Emphasis will be placed on the 
long-term relief of the metabolic disturbances and 
growth retardation in patients with deficiency of three 
different kinds of enzymes: glucose-6-phosphatase (Type 
I), amylo-1-6-glucosidase (Type III), and phosphory- 
lase (Type VI). 

The second objective will be to consider the reasons 
why portal diversion has been so valuable. Partly on 
the basis of experiments recently carried out in dogs,”* 
it will be suggested that the multiple and striking bene- 
fits of portal diversion in glycogen storage disease de- 
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rive more from the bypassing of pancreatic hormones 
(particularly insulin) around the liver than by the 
simple rerouting of alimentary glucose as was originally 
believed. 


Methods 


There were seven patients in the Colorado series with 
the ages and the enzyme defects shown in Table T”. In 
addition, the patient reported from Bristol, England, by 
Riddell, Davies and Clark?! was studied including bi- 
opsy 7% years postoperatively. Determination cf the 





* Types I, III, and VI are the hepatic glycogenoses which might 
theoretically benefit from portal diversion. At our institulion, a 
23-month-old child from Christchurch, New Zealand, with Type 
IV glycogen storage disease (a-1,4-glucan: a-1,4-glucan 6 glycosyl 
transferase deficiency) received a side-to-side portacaval amasto- 
mosis but not with the metabolic objectives of the present report. 
With Type IV disease, an abnormal glycogen resembling amy- 
lopectin which apparently causes a foreign body tissue reaction 
is deposited in the liver and causes progressive cirrhosis that leads 
to death at the age of 2 years or younger. The portacaval shunt 
was performed in an attempt to control massive ascites but death 
followed 1 month later from hepatic insufficiency and a hemolytic 
crisis. 
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enzyme defects in the Colorado cases was by biochem- 
ical analysis in the St. Louis Laboratories of liver wedge 
biopsies which were obtained before or at the time of 
portacaval diversion and frozen on dry ice. The meth- 
ods of analysis as well as the disease classification ac- 
cording to numerical types have been well accepted in 
standard endocrinology and metabolism texts.3:13-22 

The major complaints of the children or their par- 
ents were variable (Table 1). All of the patients were 
stunted in growth and in Case 5 this was the most im- 
portant complaint. Episodic hypoglycemia was docu- 
mented in all but Case 5. Patients 2, 3, and 4 (all Type 
I disease) had recurrent metabolic acidosis with lactic 
acidemia which had required numerous hospitalizations 
for therapy. The same three patients had repeated 
seizures. Other miscellaneous problems are mentioned 
in Table 1. Patients 6 and 7 were brother and sister; 
a sibling died at age 5, apparently of metabolic com- 
plications of glycogen storage disease. Two siblings of 
patient 2 died of hypoglycemia and acidosis. 

The kind of portal diversion is indicated in Table 1. 
Our first two patients had portacaval transposition; 
end-to-side portacaval shunt was used for the last 5. 











TABLE 1. Patients with Glycogen Storage Disease Treated or Studied at the University of Colorado 
Glycogen Storage Disease 
Age at — Type and Date of 
Case No. Operation Type Enzyme I eficiency Portal Diversion Major Symptoms 
1 8} ITIP Amylo-1, 6-glucosidase Portacaval Transposition Hypoglycemia 
10/15/63 GI bleeding R 
Nose bleeds 
Retardation of growth 
Abdominal distension 
2 7 I Glucose-6-phosphatase Portacaval Transposition Hypoglycemia 
6/26/68 Acidosis 
Convulsions 
Retardation of growth 
3 7 I Glucose-6-pkospħatase Portacaval shunt Hypoglycemia 
Dios he Acidosis 
Convulsions 
Retardation of growth 
Nose bleeds 
Skeletal deformity 
4 11 I Glucose-6-phospam tase Portacaval shunt Hypoglycemia 
5/17/72 Acidosis 
Convulsions 
Retardation of growth 
Symptomatic hyperuriciemia 
5 10 VI Reduced liver phosphorylase Portacaval shunt Lethargy 
8/2/72 Retardation of growth 
6 5 IT] Amylo-1, 6-glucesidase Portacaval shunt Hypoglycemia 
11/7/72 Acidosis 
Retardation of growth 
7 3 IT] Amylo-1, 6-glucosidase Portacaval Shunt Hypoglycemia 
11/8/72 Acidosis 
Retardation of growth 
Bristol i I Glucose-6-phosphatase Portacaval Transposition Hypoglycemia 





5/5/65 Convulsions 

Retardation of growth 
Abdominal distension 
Respiratory infections 


Intellectual retardation 
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In Cases 3, 4, 6, and 7 parenteral hyperalimer tation as 
described by Folkman et al? was used for £9, 13, 6, 
and 7 days. When performing the end-to-side portacaval 
shunts, all tributaries of the portal vein were ligated 
and divided from just above the pancreas © the di- 
vision into the right and left portal branches. An elipse 
was removed from the vena cava. The back wall of the 
portacaval anastomosis was sutured from the mside and 
the anterior wall was completed externally." Postop- 
eratively, hyperalimentation was continued until the 
patient resumed an oral diet and then tapered and dis- 
continued from 6 to 8 days postoperatively. 

Growth was assessed by measurements of height and 
weight and by serial radiographic studies. The latter 
usually included wrist and hand X-rays, which were 
graded for bone age by the standards of Greulich and 
Pyle!” and for osteoporosis. Because of the variability 
of height measurements, lower extremity scanograms 
employing a calibrated steel rule were obtained. In 
Cases 3-7, serum alkaline phosphatase, calc um, phos- 
phorus, and magnesium concentrations were obtained 
before and serially after operation and 24-10ur urine 
calcium and phosphorus excretion was meastred. These 
remained normal throughout except for a trinsient and 
minor hypocalcemia immediately postoperatively in four 
of the five patients in whom full data were obtained. 

The effect of hyperalimentation and/or portal di- 
version upon liver size was determined quantitatively 
with colloidal gold (Case 1) or 99M technet um (Cases 
3-7) sequential scans, using planimetry im some in- 
stances. Kidney size was followed by simil-r measure- 
ments of anteroposterior renal scans or by determining 
the supero-inferior length of the right or le& kidney on 
intravenous urograms. 

Standard liver function examinations were routinely 
obtained before and after operation, including serum 
bilirubin, alkaline phosphatase, SGOT, SGPT, lactic 
dehydrogenase (LDH), prothrombin time total pro- 
tein and electrophoresis, and plasma ammonia. Fasting 
venous plasma sugars, lactates, pyruvates and pH's 
were measured. Five-hour glucose tolerance tests were 
performed with glucose sampling at 0, 30, 60, 90, 120, 
180, 240, and 300 minutes. In many of these tests in- 
sulin concentration! and pH of the venous blood sam- 
ples were also analyzed. 

The serum lipid components, cholesterol, triglycer- 
ides phospholipids (expressed as lecithin), wd unesteri- 
fied fatty acids were repeatedly examined before and 
after operation Lipoproteins were analyzed by cellu- 
lose acetate electrophoresis in Cases 3-7 at frequent 
intervals, particularly in the patients with Type I dis- 
ease, 

Renal function was followed with blood urea nitro- 
gen (BUN), creatinine and creatinine Cearance de- 
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terminations and with examination of urine electrolytes, 
urea, proteins and sediment: deterioration of function 
never occurred. Plasma uric acid concentration and 
urine uric acid secretion were measured. 

Complete blood counts including white cell differen- 
tial and quantitative platelet counts were followed. Mi- 
nor abnormalities of several clotting factors have previ- 
ously been reported for Case 1.*° Patients 3-7 were 
screened for platelet defects prior to hyperalimentation 
or operation. The tests performed included a platelet 
count, Ivy bleeding time, prothrombin consumption,>” 
platelet aggregation,* and in vitro platelet adhesive- 
ness.*! Major abnormalities of platelet function were 
discovered only in Cases 3 and 4. These patients had 
Type I disease, and both had follow-up platelet stud- 
ies. 

Needle or open biopsies were performed from 4 to 
113 months after portal diversion in all six of the sur- 
viving Colorado patients as well as in Riddell’s patient. 
The tissues were examined by light microscopy for evi- 
dence of fibrosis, cirrhosis and hepatitis. The amount 
of fat in the cells was determined in frozen sections. 
When pre- and postoperative biopsies were available 
the size of the hepatocytes before and after portal di- 
version were determined by a method previously de- 
scribed.” Electron microscopy was also used on the 
biopsies from six of the eight patients. In addition to 
the histopathologic examinations, the postoperative tis- 
sues were measured for glycogen concentration and if 
there was sufficient tissue, analysis was carried out of 
the enzymes studied preoperatively. 

In addition to studying the Colorado cases and Rid- 
dell’s English patient, personal inquiries were made 
about the fate of the other five patients reported in the 
literature to have had portal diversion procedures. 
Since this information was obtained in April, 1973, 
follow-up data may be considered relatively complete 
for every patient known to have been submitted to this 
kind of surgical therapy. 


Results 


Mortality and Morbidity 


Portacaval Transposition. Our first patient had a re- 
markably untroubled convalescence and was discharged 
from the hospital nine days postoperatively. Before and 
after operation, there were elevations in the transam- 
inases (Table 2), which even 9% years later are still 
slightly increased. She had a splenectomy 43 months 
after transposition for thrombocytopenia at which time 
the portacaval anastomosis draining the splanchnic bed 
was proved to be open. When this patient was seen 9} 
years postoperatively in March, 1973, there was no 





* Chronolog platelet aggregometer. 
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evidence of portal hypertension indicating that the 
portacaval anastomosis draining the splanchnic bed was 
still open. An inferior vena cavagram revealed flow 
of systemic venous blood from the distal vena cava to 
the liver but with a major bypass around the liver from 
azygous and hemiazygous collaterals (Fig. 1). The de- 
gree of natural shunting was similar to that observed 
with a comparable angiographic study more than 9 
years earlier when the patient was 3 months postopera- 
tive.-® 

The anastomosis through which the vena cava drams 
has failed in two other cases. The attempt at trams- 
position cost the life of our second patient, when the 
liver was unable to transmit the rerouted vena caval 
flow, causing hepatic swelling and uncontrollable aci- 
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Fic. 1, Inferior vena cav- 
agram in March, 1973, 
%2 years postoperatively 
in Colorado Case 1 show- 
ing a patent caval-portal 
anastomosis (arrow) un- 
der two conditions of dye 
injection. Significant flow 
through the liver, as well 
as around it by the 
azygous and other col- 
laterals were well seen at 
fluoroscopy. IWVC—distal 
inferior vena cava; LRV 
—left renal vein; PV— 
portal vein. 


dosis. In Riddell’s case, angiographic studies were 
carried out in Calgary, Alberta, in December, 1971, by 
Dr. Robert J. Sommerville and Dr. Noel Hershfeld, 
and confirmed by us in January, 1973. The vena cava 
was obstructed (Fig. 2, left), a complication which 
probably occurred a long time previously since collat- 
eral venous channels were highly developed and lower 
limb edema was minimal. The anastomosis draining the 
splanchnic venous bed was shown to be open (Fig. 2, 
right). 

End-to-Side Portacaval Shunt. Patients 3-7 all had 
rapid recovery without any clinically evident mofbidity 
ascribable to the procedure, Significant increases in 
SGOT and SGPT were usually present at some time 
preoperatively both before and at the time of paren- 


Fic. 2. Studies of the 
Bristol case of portacaval 
transposition. The orig- 
inal operation was on 
May 5, 1965, and the 
examination depicted 
which was in December, 
1971, was performed by 
Dr. R. J. Sommerville at 
the Foothills Hospital, 
Calgary, Alberta. (Left) 
Inferior vena cavagram 
showing obstruction at 
the anastomotic site far- 
row). I[VC—distal infe- 
rior vena cava; _LRV— 
left renal vein. Note the 
extensive collaterals via 
the azygous system. 
(Right) Demonstration 
of a patent portacaval 
anastomosis (arrow) by 
means of a retrograde 
catheterization. IVC— 
proximal inferior vena 
cava; PV—portal vein. 
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teral hyperalimentation. After operation the transam- 
‘nasemia continued and the transaminase rises have 
been persistent in three of the five cases (Table 2). 
Minor and transient elevations of lactic dehycrogenase 
and alkaline phosphatase were also noted. 

None of the five patients was jaundiced immediately 
prior to operation, although patient 3 had ^ad mild 
hyperbilirubinemia just before beginning hyper-alimen- 
tation. The bilirubin returned to and remained normal 
after operation. The other liver function tests, including 
serum protein electrophoresis, were always normal post- 
operatively. 

The patients were placed on a normal diet after op- 
eration with no restrictions in protein intake. No clinical 
evidence of hepatic encephalopathy was observed and, 
in fact, the patients’ parents without exception noted 
increased animation and mental acuity. Blood ammonia 
levels were always normal. 


Effects on Growth 


The remarkable increase in height in Case 1 was re- 
ported previously.-* This child weighed 29 Kg. prior to 
operation and was 124.5 cm. tall. Eleven months later 
she had gained 42Kg. weight and 11% cm. in height. 
On the Harvard growth chart this jump in height rep- 
resented a change from less than the 10th to the 50th 
percentile. By June, 1967, 44 months post-t-ansplanta- 
tion, her height had increased to 155 cm. At present, 
she is 172 cm. tall and weighs 82.7 Kg. Her weight 
and height positions on the growth chart are now over 
the 97th percentile levels. 

Accelerated growth has now become evicent in the 
three children with the longest follow-ups after end- 
to-side portacaval anastomosis (Cases 3-5). averaging 
0.5 to 1.0 cm. per month of height increase, as well as 
commensurate increases in the more accurately quan- 
tifiable long bone length in the 8% to 11% months of 
follow-up (Table 3). The phenomenal effects of doub- 
ling the bone age in Case 3 (Table 3) can be visually 
appreciated by comparison of the wrist and hands with 
X-ray examination (Fig. 3). Patients 3, 4 and 5 also 
had calcification of previously osteoporotic bones. This 
was particularly striking in Case 5 (Fig. 4). The last 
two patients have not yet begun accelerated growth. 


Effect on Organ Size 


Liver. As described by Folkman,® both the patients 
with Type I disease (Cases 3 and 4) had declines in 
liver size following hyperalimentation and these de- 
creases were maintained after end-to-side portacaval 
shunt. The child with Type VI disease (Case 5) was 
not prepared with hyperalimentation but he also had 
a postoperative decrease in hepatomegaly (Fig. 5). 
This effect of operation was not a strikinz feature of 
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the recovery in Cases 1, 6, and 7. These children had 
Type III disease. The minimal or absent liver shrinkage 
was previously noted in Case 1.?8 In that patient, it 
was pointed out that with the increased body growth 
and fixed liver size, the child grew up around the en- 
larged organ to the extent that its relative although 
not its absolute size decreased. 

Kidney. Kidneys in patients 4-7 appeared to have 
slight decreases (4 to 12 mm) in size during the 5 to 
11 months of follow-up (Fig. 6). Quantitative data on 
kidney size was not available in Cases 1 and 3. 


Metabolic Effects 


Carbohydrates. With the exception of the child with 
Type VI disease (Case 5), all patients before operation 
had documented fasting hypoglycemia which caused 


TABLE 2. SGOT Values (Normal 3-27 International Units) before 
and after Portal Division. Note That All the Patients Had Significant 
Abnormalities Preceding Treatment 


Case Number 
Days before (—) and 





after operation ( +) 1 3 4 5 6 7 
— 30 250 650 
— 15 T5” 37 910 
— 10 220 88* 11% 690 470 
— § 179* 66* 197  131* 392* 
0 110* 188* 60* 185* 
+ 1 220 182 218 387 216 343 
+ 2 190 296 106 332 
+ 3 255 321 84 
+ 4 
+ 5 36 699 271 
+ 6 236 51 813 168 
+ 7 30 571 316 
+ 8 40 510 198 
+ 9 16 473 305 
+ 10 67 308 31i 
+ 11 
+ 12 49 
+ 13 58 
+ 14 300 
+ 15 49 
+ 16 
+ 17 142 
+ 18 
+ 19 
+ 20 151 
+ 21 280 
+ 77 64 
+ 84 198 
+109 125 
+127 568 838 
+159 40 
+208 41 
+253 174 
+258 294 
+264 
+295 35 
+315 36 
9Yr5 Mo 40 





* Receiving hyperalimentation 
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TABLE 3. Age, Height, and Weight Data of Seven Patients Wim Underwent Portal Division. Patients 1 and 2 Had Portacaval Trans posttion. 
The Other 5 Had F-nd-to-side Portacaval Shunt 
Ae ne ae ee a a 
Postoperative Postoperative Weight Gain 
| Height Increase Leg Length or Loss 
Chronologic Bone xe ( Years) (CM) (CM) (KG) 
Age at Time of 5 - — 
Operation Dateof Follow-up At At At At 
Case No. (Years) Operation (Months) Operation Now Operation Now Operation Now Operation Now 
1 8} 10/15/63 Lis Not done I5 Yr 124.5 172.0 Not available 29.0 82.7 
(<10%) (>97%) 
2 7 6/26/63 Died in 2 Not done 91.4 14.7 
days (<3%) 
3 7 SJZ 11} 3Yr6Mo 7Yr4Mo 100.0 111.3 4.6 51.4 20.1 S12 
(<3%) (<3%) 
4 11 5/17/72 11 7Yr10Mo 7Yr10 Mo 118.7" 124.1 57.0 60.2 27.6 27.7 
(<3%) (<3%) 
5 10 8/2/72 83 8Yr6Mo 9%Yr0Mo 122.3 127.5 59.8 64.0 26.0 29.3 
(<3%)  (<3%) 
6 5 Pies sz 5 2 Yr0 Mo 2Yr0 Mo 93.6 94.5 38.2 39.4 ee ae I ESTAN 
E (<3%) (<3%) 
7 3 11/8/72 5 1 Yr 6 Mo | Yr6 Mo os.0 85.5 34.3 34.5 Fe | 12.8 
(<3%) (<3%) 
Bristol ii 5/5/65 92 13 Yr0 Mo 158.5 13.6 
(25%) 




















* In the 3 years preceding operation, accurate hospital records showed a total height increase of only 3 cm. The percentages in paren- 


theses indicate percentile position on height growth chart. 


symptoms. This was particularly severe in Cases 3 amd 
7 in which the fasting glucoses were frequently below 
15 mg./100 ml. (to as low as 7 mg./100 ml.). After 
portal diversion, symptomatic hypoglycemia was no 
longer a significant problem in patients 1, 6, and 7 
(all Type III disease). The two children with Type I 
disease (Cases 3 and 4) were improved but they were 
still unable to go without food for more than 4 hours 
and § hours, respectively. 

Pre- and postoperative 5-hour glucose tolerance tests 
were obtained in five of our six survivors. In the sixth 
(Case 4), preoperative tests could not be obtaimed 
because of the need for continuous parenteral hyper- 
alimentation. In Cases 1 and 3 the glucose tolerance 
tests after 9% postoperative years and 1 year, respec- 
tively, had a considerably increased hyperglycemic re- 





sponse to the ingested sugar (Fig. 7). The glucose 
tolerance tests in Cases 5, 6, and 7 were not much 
changed from 5 to 8 months after end-to-side por- 
tacaval shunt. 

Insulin, Systemic insulin was measured during 5- 
hour glucose tolerance tests in our six survivors and in 
the Bristol case. The examinations were 5, 5, 8%, 11, 
11%, 92 and 113 months after portal diversion. The re- 
sults are summarized in Figure 8. Super normal insulin 
responses were observed in three cases, a normal re- 
sponse in a fourth, and subnormal responses in the other 
three. The two patients who exhibited the flattest in- 
sulin curves were the ones with flat glucose tolerance 
tests. 

Lipids. Portal diversion caused a dramatic improve- 
ment of the hyperlipidemia of Type I disease (Cases 


Fic. 3. The dramatic 
wrist and hand bone 
growth in Case 3 in the 
first 11% postoperative 
months. The bracket on 
the left index finger is 
5 cm. in length. In ad- 
dition to the size change, 
note the mineralization 
that has occurred, as well 
as the appearance of new 
bones, particularly of the 
wrist. 


ll '72 MONTHS 
POST-OP 
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Fic. 4. Changes in the 
hand and wrist bones of 
Case 5 during 8% post- 
operative months. There 
was a gain in hand size, 
but the main change was 
rapid mineralization of 
the previously osteopo- 
rotic bones. The brackets 
on the left index finger 
are 7 cm. 


3 and 4, Table 4). All of the lipid comporents were 
brought toward normal ranges by preoperat ve hyper- 
alimentation and the improvement was sust:ined after 
portacaval shunt. The evolution of recovery of lipid 
constituents in Case 4 is shown in Figure 9. and in 
Figure 10 the lipid clearing is documented in terms of 
lipoprotein analysis. 

The portal diversion also had an acutely ameliorat- 
ing effect upon the much less severe hyperlipidemia 
affecting the two most recently treated patients with 
Type II disease (Cases 6 and 7, Table 4). However, 
patient 4 had recurrence of sieved lipids im one sam- 
ple at 5 months. At the same time, the boys sister did 
not have worsening of lipid values. The lpids were 
essentially normal before and after operaton in the 
patient with phosphorylase deficiency (Case 5). 

Uric Acid. Four of the last five patients in the Colo- 
rado series had elevated serum uric acid concentra- 
tions. After portal diversion, these concent-ations fell 
either slightly or significantly in all four patients (Fig. 
11). However, in Case 7, the uric acid was normal pre- 
operatively and rose afterward just beyond normal 
range. | 

Platelets. Major functional abnormalities of plate- 
lets were present in patients 3 and 4. They had ab- 
normally prolonged bleeding times, decreased platelet 


adhesiveness, abnormal platelet aggregation reactions, 
and decreased prothrombin consumption. The abnor- 
rapidly corrected during 
intravenous hyperalimentation and remaired normal 
after portal diversion, as reported in detail elsewhere." 
Growth Hormone. 


mal platelet functions were 


Patients 3, 4, and 5 had plasma 
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Fic. 5. AP 99M technetium liver scans in a child -vith Type VI 
( phosphorylase deficiency) disease (Case 5). The cm? areas 
were obtained from the ante roposterior projections by planime try. 





kidneys appears to be decre ‘ased slightly. 
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somatotropin determinations after portal diversion. The 
same investigations were performed for an unoperated 
sibling of patient 4 for whom portacaval shunt is 
planned. In all four patients, the levels and circadian 
patterns of somatotropin were normal as were the re- 
sponses to arginine stimulation. 


Histopathologic Studies 


Preoperative liver biopsies were available from six of 
the eight patients. In all the cases the liver cells were 
large and pale-staining and had centrally placed nu- 
clei (Fig. 12, top). The clear cytoplasm contained fat 
globules and much glycogen. The amount of reticulin 
in the portal tracts was increased and slender septa 
linked portal tracts and extended from the enlarged 
portal triads into the surrounding parenchyma (Fig. 13). 
In two of the patients (Colorado Cases 6 and 7) this 
fibrosis was more extensive and the reitculin bands 
extended deeply into the lobules distorting the archi- 
tecture and leading to the formation of small regenera- 
tion nodules and micronodular cirrhosis (Fig. 14). Pro- 
liferation of the bile ductules and cellular infiltration 
of the septa were not features of these cirrhotic livers. 

After portal diversion the size of the hepatocytes di- 





Fic. 6. Anteroposterior intravenous urography in Case 4 before 


and 10 months after end-to-side portacaval shunt. Although the 


X-ray projections have slight differences, the length of the right 
The bracket encompasses 
12 cm. 
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Fic, 7. Five-hour glucose tolerance tests after the ingestion of 

1.75 Gm./Kg. of sugar in Cases 1 and 3. In both patients. the 

serum glucose after portal diversion showed higher and more 


persistent peaks. 










O 30 60 90 120 


90 120 180 240 300 


minished (Fig, 12, bottom) and the amount of fat in the 
cytoplasm of the liver cells increased. Both conditions 
persisted and were present as long as 1 year afier 
operation (patient 3). 

In two of the patients (Colorado Case 1 and the 
Bristol patient), only postoperative biopsies were avail- 
able for study. In the Colorado case, cirrhosis had been 
a very prominent feature of the preoperative biapsy 
9% years previously as was recorded in the original 
case report,” but the tissue block could not be found 
for re-study. There was no description of the hepatic 
morphology in the Bristol case report. By 1973, both 
these livers showed a micronodular cirrhosis similar to 
that present in Cases 6 and 7 but with the additional 
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Fic. 8. Insulin concentrations with 5-hour glucose tolerance tests 
in 6 Denver survivors and the Bristol case. (Left) Normal glucose 
and insulin responses (4): (right) glucose and insulin responses 
in glycogen storage disease cases. 


feature of some bile ductule proliferation in the en- 
larged portal tracts and in the fibrous septa. The he- 
patocytes in these two cases contained much fet and 
glycogen and appeared smaller than normal but the 
lack of a preoperative biopsy for comparative study 


Case Numbers* 

















$ 6 7 





*Cases 3 and 4 were Type I; Case 5 was Type VI; and Cases 6 and 7 were Type III glycogen storage disease. 


3 4 

Total Cholesterol (mg. /100 ml.) (Normal 138-242) (Normal 138-242) (Normal 138-242) (Normal 138-242) (Normal 138-242) 

Before Hyperalimentation 460 408 224 324 389 

Preoperative 155 236 — 262 250 

2 Weeks Postoperative 125 190 306 161 171 

4-11 Months Postoperative 126 225 197 200 400 
Triglycerides (mg./100 ml.) (Normal 70-80) (Normel 110-120) (Normal 100-110) (Normal 50-60) (Normal 30-40) 

Before Hyperalimentation 2800 399 167 383 487 

Preoperative 298 337 — 511 420 

2 Weeks Postoperative 198 359 274 109 221 

4-11 Months Postoperative 224 208 135 258 320 S 
Phospholipids (mg./100 ml.) (Normal 192-337) (Normal 192-337) (Normal 192-337) (Normal 192-337) (Normal 192-337) 

Before Hyperalimentation 750 558 346 351 652 

Preoperative 168 357 — 420 487 

2 Weeks Postoperative 212 357 320 237 207 

4-11 Months Postoperative 109 243 254 282 640 
Nonesterified Fatty Acids 

(mEq./L.) (Normal 0.45-.90) (Norms10.45-.90) (Normal 0.45-.90) (Normal 0.45-.90) (Normal 0.45-.90) 

Before Hyperalimentation — — 1.50 1.90 2.60 

Preoperative — 45 — 0.44 0.43 

2 Weeks Postoperative 1.80 1 60 — 1.00 1.00 

4-11 Months Postoperative 0.43 Y 75 1.72 1.44 1.54 


vy 
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prevented any statement about the occurrence of atrophy 
after portal diversion. 


Tissue Chemistries 


Tissues were examined from biopsies befre_ portal 
diversion in all Colorado cases. 
wedge biopsies were obtained Case 1. Vases 3-7 
had needle biopsies. The glycogen concentration was 
not altered from 5 to 113 months after portal diversion 
(Table 5). Enzyme concentrations in Case 1 were 
reported to be unaltered in Case 1 after 9 and 43 
months. There was not enough tissue in the needle bi- 
opsies of Cases 3-7 to permit repeating the enzyme 
analyses. 


After portal diversion. 


Follow-ups Of Other Reported Cases 


The fate as of April, 1973, of all previously reported 
patients known to have been submitted to portal di- 
version is summarized in Table 6, including the Bristol 

LIPOPROTEINS 


(mg %) 


Total 
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Fic. 10. Relief of hyperlipidemia in the same case as in Figure 9, 
but with the results expressed in lipoproteins as determined by 
cellulose acetate electrophoresis. The lipoproteins are expressed in 
three classes: alpha, beta (including the pre-beta component) 
and the omega (chylomicron) fractions. 
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Fic. 9. Effect of paren- 
teral hyperalimentation 
and end-to-side porta- 
caval shunt on the plasma 
lipids of patient 4 whose 
diagnosis was Type I 
glycogen storage disease. 
Note the amazingly rapid 
and relatively complete 


2-0 UNESTERIFIED reversal of all abnormal- 
FATTY ACIDS ities. 
meq/L 
o (Normal Range 0.45-090) 
240 280 320 SSeS 


patient who was actually brought to Denver and stud- 
ied. The patient operated upon in Cleveland in 1967 
died 1% years post-diversion of causes apparently un- 
related to either the portal diversion or the enzymatic 
defect for which it was performed. The other four 
children in whom portacaval shunts were performed 
have all benefited, in one instance despite thrombosis 
of the anastomosis. 


Discussion 


Recent animal work has indicated that the metabolic 
consequences of portal diversion are more complex as 
well as more profound than has been realized. The 
most important observations were with the kind of ca- 
nine experiment that has been summarized schemati- 
cally in terms of human anatomy in Figure 15. In 
these investigations, the splanchnic venous return was 
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Fic. 11. Plasma uric acid values preoperatively and 5 to 11 
months postoperatively in five patients treated with end-to-side 
portacaval shunt. 
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Fic. 12. Biopsies from liver of patient 3. (Top) Immediately 
before operation; (Bottom) 10 months after portal diversion. 
The hepatocytes are smaller in the second biopsy than in the 


first (H & E x 280). 


divided so that one portion of the dog liver received 
the venous effluent from the intestine and was thus 
nutritionally enriched but hormonally deprived. This 
hepatic tissue underwent deglycogenation and gross 
shrinkage as well as atrophy of the individual hepat- 
ocytes. The other liver fragment was nourished by pan- 
creatico-gastroduodeno-splenic venous blood and was 
shown by a series of biochemical examinations to be 
hormone-directed, particularly by pancreatic insulin and 
glucagon. Despite being deprived of intestinal nutrients, 
the latter hepatic tissue underwent glycogen storage, 
hypertrophy, and hyperplasia.” 

Thus, under the special conditions of this kind of 
“double liver fragment” experiment, rerouting of pan- 
creatic hormones around the normal dog liver had 
far greater effect upon hepatic structure and function 
than the bypassing of venous blood rich in nutrients 
coming from the intestine. In trying to explain the ben- 
efits of portal diversion for glycogen storage disease, 
it is important to appreciate that with the procedures 
used for all our patients, both nutritional and hor- 
monal substances were diverted extrahepatically amd 
may have contributed to the postoperative benefits. 

Of the metabolic corrections produced by porta’ di- 
version, the most dramatic were in the patients with 
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Type I disease (Cases 3 and 4). These involved lipids 
to an even greater extent than carbohydrates. The pro- 
found changes in lipid metabolism after portal diver- 
sion in patients with Type I disease was first noted by 
Hermann and Mercer" and confirmed by Folkman et al.” 
and in our own patients. The virtual normalization of 
all lipid constituents required only a few weeks for 
completion. 

The effect upon lipids did not seem to be secondary 
to a more fundamental change in carbohydrate me- 
tabolism. Repeat liver biopsies did not show a changed 
concentration of glycogen. Furthermore, episodic hy- 
poglycemia was not completely relieved by the portal 
diversion, although the seriousness of the problem was 
considerably reduced, as was the degree of accom- 
panying acidosis. Both of these children with Type I 
disease continued to require supplemental night or early 
morning feedings. It was interesting that this require- 
ment had long since disappeared for the Bristol patient 
who also had the glucose-6-phosphatase deficiency. 

Similarly, the portal diversion did not change the 
glycogen concentration in the livers of the three chil- 
dren with Type II disease or the boy with the Type 
VI defect. The episodic hypoglycemia in two of the 
three patients with Type III disease could still be doc- 
umented biochemically after long fasting or several 
hours after the ingestion of a glucose load, although 
again with less severity than preoperatively. In these 
cases, as well as in those with the Type I defect, some 
of the expected glycemic effects of diverting @lucose 
around the liver were probably cancelled by increasing 
the amount of insulin in the periphery. It is known 
that the liver extracts up to 50% of the endogenous in- 
sulin presented to it by the first pass of portal blood, +1% 
With avoidance of this primary exposure to the liver, 
Waddell and Sussman*? demonstrated increased systemic 
venous insulin in dogs with Eck fistula and others have 
shown the same thing in humans after portacaval 
shunt.!?° A further hyperinsulinemic effect could then 
be caused after eating by stimulation of the pancrease by 
the arrival of a glucose load in the arterial circulation. 
Thus, failure to completely relieve hypoglycemic symp- 
toms by diverting alimentary glucose to the peripheral 
tissues may have been due to one or the other or both 
the foregoing mechanisms. 

Because insulins were not measured preoperatively 
in any of our longest surviving patients, the extent is 
not known to which portal diversion actually changed 
the concentration of this hormone in their systemic 
blood. However, Lockwood et al.!° and Drash and 
Field’ have shown that victims of glycogen storage 
disease have abnormally low peripheral insulin concen- 
trations under conditions of fasting or glucose inges- 
tion. After portal diversion, all six of our survivors as 


? 





Vol. 178 « No. 4 





GLYJOGEN STORAGE DISEASE 





Fic. 13. Biopsy from liver of patient 5 immediately before portal diversion. The amount of reticulin in the portal tracts is increased 
e and septa link portal tracts and extend into the surrounding parenchyma. Silver stain for reticulin (X 70). 


well as the Bristol patient had insulin concentrations 
measured after stimulation with a glucose meal. The 
responses were supernormal in three of the seven cases 
and normal in a fourth. Consequently, a reasonable 
although circumstantial case can be made that the in- 
sulin supply to the peripheral tissues had been increased 
by the portal diversion. 

In recent years, insulin has been recognized to be a 
major growth hormone,** comparable in potency to 
somatotropin. It may be that the phenomenal growth 
spurts of all of our long-surviving patients cculd be at 
least partly attributable to an increased insulin distri- 
bution to the periphery. The accelerated growth could 
not “be explained by other factors such as relief of 
chronic acidosis or persistent hypoglycemia smnce these 
were sometimes not present preoperatively or else they 
were not completely corrected after the pe-formance 
of the portacaval shunt. An effect on somatotrovin would 
seem equally unlikely. In glycogen storage patients 
studied by Drash and Field," plasma growth ho-mone has 
been normal and in the people studied by vs with or 
without portal diversion, the same was true. 

It is not presently possible to precisely explain all the 


< 


metabolic benefits of portal diversion by a single hor- 
monal or nutritional mechanism. Why the platelet 
dysfunction should have been corrected or why the mani- 
festations or abnormal calcium or uric acid metabolism 
should have been ameliorated are examples. The exact 
reason for the liver shrinkage observed in several pa- 
tients by liver scans also is not apparent. The glycogen 
concentrations were not altered after portal diversion. 
However, the biopsies obtained several months or longer 
after portal diversion revealed pronounced hepatocyte 
atrophy. With this finding which, in turn is most likely 
the consequences of hormone deprivation (particularly 
insulin) as discussed earlier, liver shrinkage could rea- 
sonably occur without an accompanying change in glyco- 
gen concentration. 

With the new cases included in the present report, 
the position has been reinforced that simple end-to-side 
portacaval shunt is an effective and relatively safe 
method of palliating well selected patients with severe 
manifestations of hepatic glycogenosis. When portal 
diversion was first considered for these diseases, anxi- 
ety about the complications of simple Eck fistula 
prompted attempts at the metabolically less damaging 
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Fic. 14. Biopsy of liver of Patient 7 immediately before portal diversion. The normal lobular reticulin pattern has been destroyed 
and there is a micronodular cirrhosis. Silver stain for reticulin (X 70). . 


but technically more complicated operation of porta- 
caval transposition. The fear that Eck fistula would 
have devastating effects on humans was based, at 
least in part, upon observations on two patients each 
by McDermott, Adams and Riddell!” and Hubbard.” 
These four patients had carcinomas of the head of the 
pancreas which involved the portal vein. To permit 
partial pancreatectomy, the portal vein was resected 
and an end-to-side anastomosis was made between the 
superior mesenteric vein and the inferior vena cava. 
Three of the four patients died of inanition and at 
autopsy there was massive fatty infiltration of the liver. 
The syndrome was ascribed to the bypass of ammonia 
of intestinal origin around the liver and it was gen- 
erally accepted that Eck fistula in humans with normal 
livers would be exceptionally dangerous. The fact that 
partial pancreatectomy was also performed was lost sight 
of. The recent research already alluded to about the 
hepatotrophic effects of pancreatic hormones has raised 
the question of whether or not the calamities of Mc- 
Dermott and Hubbard were not due at least as much to 
the pancreatic resection as to the portal-systemic venous 
diversion. 


Be that as it may, the observations by us and by 
others authors have now established that simple end- 
to-side portacaval anastomosis is well tolerated in chil- 
dren with Types I, III or VI glycogen storage disease. 
Ammonia levels in our five patients with Eck fistula 


TABLE 5. Glycogen Contents of Liver Biopsies in the Colorado Cases 


Glycogen Content (% Wet Weight of Liver) 


Time of Pre- 


operative 
Beforeany | Hyperalimen- At 
Case Treatment tation Diversion Postoperative 
1 = None 10.1 o.7( 9 
months) 
9.5( 43 
months) 
2 = None 9.4 — 
3 8.0 (Aug. 71) 29 days 11.0 8.9 (114 
months) 
4  10.0(1961) 13 days i iat 41 
months) 
5 — None 12.6 11.8( 84 
months) 
6 — 6 days 10.6 i22t 3 
months) 
7 — 7 days 8.1 i2.8( 3 
months) 
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TABLE 6. Previously Reported Cases of Glycogen Storage Disease Treated with Portal Diversion 
G.S.D. Age at Operation 
Center Type (Years) Date of Operation Procedure Outcome 
Colorado?5 +28 IHP 8 10/63 Transposition Alive 
Bristol?! I 7 5/65 Transposition Alive—Caval-portal anastomosis 
(Riddell) clotted ` 
Cleveland I 1 4/67 Porta-caval shunt Died 1} years 
(Hermann) 
Colorado? I 7 6/68 Transposition’ Died 2 days . 
New York? I 5 5/69 Porta-caval shunt Alive 
(Boley) 
Columbus$ I 3 6/70 Porta-caval shunt Alive—Shunt clotted 
(Clatworthy) 
Boston? I 3 7/71 Porta-caval shunt Alive 
(Folkman) 
Boston? I 2 11/71 Porta-caval shunt Alive 
(Folkman; 


have always been normal and at no time kas there 
been evidence of hepatic encephalopathy. Although en- 
zyme increases were observed for several dzys after 
the performance of end-to-side portacaval shunt, these 
unquestionably reflected pre-existing liver disease in 
most if not all of the cases. After operation, deteriora- 
tion of liver function did not occur. Biopsiez of the 
an in- 
crease in the amount of fat in the cytoplasm of the 
hepatocytes but did not show any progression in the 
amount of ñbrosis or in the severity of the micronodular 
cirrhosis when this was present before operation. The 
frequency of scarring ranging from mild fibrosis to 
frank microndular cirrhosis in our cases before any 
operative intervention was surprising when the litera- 
ture leads one to believe that fibrosis and cirrhosis are 
not complications of these types of glycogen storage 
disease. It is probable that closer attention to the patho- 
logic findings will demonstrate a much higher incidence 
of fibrosis and cirrhosis than has been appreciated 


Summary 


Seven patients with Types I, III, or VI g ycogen 
storage disease were treated with portal diversicn from 
54 months to 9% years ago. The first two patients had 
portacaval transposition with one early death. The last 
five patients had the technically safer procedure bf end- 
to-side portacaval shunt without any deaths and with 
no¢late findings of hepatic encephalopathy. Tke con- 
valescence of the patients with either kind of portal 
diversion has been characterized by accelerated body 
growth and bone mineralization, incomplete relief of 
hypoglycemia and metabolic acidosis, striking ameliora- 
tion of the hyperlipidemia of Type I disease, liver 
shrinkage in Types I and VI disease, and variable re- 
lief of such diverse other derangements as abnormal 
bleeding and elevated serum uric acid concentrations. 
The liver concentrations of glycogen were not atected 
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by portal diversion. However, the hepatocytes were 
decreased in size in subsequent biopsies, thereby ac- 
counting for the reduction of liver size in most of the 
cases without a major alteration in glycogen. Contrary 
to the impression conveyed by the literature, there was 
a high incidence of pre-existing coincidental liver dis- 
ease in our patients, including transaminase elevations 
and hepatic fibrosis or even cirrhosis. These abnormali- 
ties were particularly striking in Type II patients but 
did not appear in any of the cases to be made worse by 
portal diversion. The observations in these seven pa- 
tients and in six more reported from other centers and 
followed up with personal examination by us in Denver 
or by personal communication with the responsible 
physicians elsewhere indicate that portal diversion should 
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Fic. 15. Summary of experimental results in recently. repeated 
canine experiments (26) in which one portion of the liver 
received portal venous inflow from the pancreas and the other 
portion received inflow from the intestine. The “food dominated” 
hepatic fragment underwent atrophy and deglycogenation whereas 
the “hormone dominated” fragment had hypertrophy, hyperplasia, 
and glycogen storage. These experiments which permitted dis- 
sociation of nutritional and hormonal influences indicated that 
the latter were more influential than the former in affecting liver 
structure and function. 
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have an important role in carefully selected cases of 
glycogen storage disease. Recent work in our lab>za- 
tories has been reviewed which suggests that the əf- 
fects of portacaval shunt are due more to the remat- 
ing of pancreatic hormones around the liver than to the 
bypassing of alimentary glucose. 
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DISCUSSION 


Dr. W. Ker Nicnots (Columbia): Let me share with you a 
similar instance of glycagen storage disease, Type III with portal 
hypertension treated at the University of Missouri Medical Center 
by Dr. Hugh Stephenson and myself. 

(Slide? The patient is a 31-year-old caucasian male whose his- 
tory dates back to childhood when he was evaluated during his 
first year of life, because of listlessness, irritability and a history 
of bleeding. Because of hepatosplenomegaly, a liver biopsy was 
performed with a subsequent diagnosis of Von Gierke’s disease. 

He wes reevaluated in enother hospital in 1956 and 1960 for 
retarded physical and sexual growth. Again, hepatosplenomegaly 
was noted. Liver biopsy (slide) showed irregular fibrosis and 
evidence of increased glycogen deposition. Fasting serum glucose 
levels were low. 

In 1965 he was evaluated at another university hospital. Liver 
biopsy was again performed. The tissue was biochemically ana- 
lyzed and the amylo-l, 6 glucosidase enzyme, or debrancher 
enzyme, was found to be defective. 
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Leukocyte enzyme studies were performed and no emylo-1, 6 
glucosidase activity was found. Normal levels of phosphorylase 
and amylo-(1, 4-1, 6)-transglucosidase were found. ` 

He came to the University of Missouri Medical Center in Jan- 
uary 1973 with a 3-day history of melana and noticeable ortho- 
static changes. He gave a past history of peptic ulcer disease. 
However, an upper gastrointestinal series performed 8 months 
earlier at our institution showed only spasm in the ducdentim. 
Gastroduodenoscopy on admission revealed no ulcer, ony esopha- 
geal varices. Gastric analysis was normal. Liver function tests 
were essentially normal except for an elevated alkaline phos- 
phatase and LDH. 

(Slide) A splenoportogram was performed and the sp.enic pulp 
pressure was 340 millimeters of saline. The X-rays were inter- 
preted as showing évidence of portal hypertension. 

After conferring with our gastroenterologist and fincing some 
support for portal diversion in Dr. Starzl’s, Dr. Herman and Dr. 
Mercer’s work, we decided to perform a side-to-side portacaval 
shunt. Portal venous pressures prior to construction of the shunt 
were 275 millimeters of saline and after shunting were 185 milli- 
meters of saline. A 2o ultrasonic flowmeter was used intra- 
Gperatively to confirm the patency of our shunt. Livar biopsy 
again reveals irregular fibrosis, (slide) as seen in this reticulum 
stain; frozen section stained (slide) with PAS; and after diatase 
digestion (slide) demonstrates increased glycogen. 

Postoperatively, a splenoportogram shows a (slide) patent 
portacaval anastomosis. The patient is now 3 months postoperative 
and doing well although he now manifests some ev:dence of 
diabetes with persistent hyperglycemia. I would like to ask Dr. 
Starzl if this has been a problem with any of his patients and 
should he now be managed -as a diabetic? 
= Secondly, since cirrhosis has not been commonly resorted in 
Type III glycogen storage disease, I would like to ask il cirrhosis 
has been a cammon finding in his patients with Type III glycogen 
storage disease. 


Dr. Juvan Forxman (Boston): Children with glycogen storage 
disease suffer primarily because caloric intake gets trapped as 
glycogen în the liver and cannot escape as glucose. 

These children have hypoglycemic seizures. Their parents are 
often up all nigħt feeding them. They have acidosis. Taey have 
muscle wasting and above all, they do not grow, as Dr. Starzl 
pointed out. l 

Dr. Starzl was the first to realize, actually in 1963, tkat diver- 
sion of portal blood around the liver might make more glucose 
available to the peripheral circulation after each meal end he 
carried out the first portal diversion for this disease. 

In the intervening years, there were four reports by surgeons 
each citing one case that he had done of portal diversion for 
this disease, but there was high morbidity and significant mor- 
tality because these little children are very sick going into the 
operation. They are acidotic. Their pH is about 7.1 or 7.2. Their 
abdomen is filled with a huge liver and this makes the operation 
difficult. 

We have found that the operative risk could be recuced by 
preparing these children with 3 weeks of hypera-imentaton. This 
corrects the acidosis and shrinks the liver to actually 59% of its 
size, weduces the lipids to normal levels and makes the cpetation 
much more easy. 

Last year, we reported two such cases to the Society of Uni- 
versity Surgeons in which hyperalimenttation preceded porta? caval 
shunt and, like Dr. Starzl’s cases, there was phenomena. growth 
after the shunt. 

For example, in one of these boys—here he is at 20 months of 
age and 19 days after a portal caval shnut, you can see xenthomas 
which are disappearing because he has had hyperalimzntation. 
This liver looks big now, but this is half of its original size before 
hyperalimentation. This is a picture taken 2 weeks ago, 1 sear and 
3 months after operation and he is becoming a very big boy! He 
is eating all the time and growing and beginning to move from the 
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fifth percentile to the ninety-fifth percentile. He is beginning to 
devèlop like a normal boy. 

What is the mechanism besides redirection of glucose into the 
bloodstream? Dr. Starzl’s elegant studies indicate that redirection 
of insulin directly into the vena cava without passage through the 
liver, also plays a role; that insulin in this situation may itself be 
a growth stimulant. When I read his paper and saw the abstract, 
I wished that I had thought of that because we had always 
assumed that the phenomenal growth was primarily the result of 
increased glucose availability. But, in fact, the tissue culture 
literature of recent years is filled with papers showing that insulin 
or insulin-like proteins have specific growth stimulating properties. 

Several post-doctoral fellows in our laboratory have studied this 
effect in cultured cells. I, thus, have had the opportunity to ob- 
serve at once the growth spurt in the cells and also in our two 
patients . . . but, the importance of insulin in the growth of our 
patients did not oceur to me as it did to Dr. Starzl. | 

I can only put this down to “snowblindness.” On the wall of 
our laboratory, we have listed the various pitfalls in the art of 
making observations. Snowblindness is one of them. It is the pitfall 
of alae the wrong interpretation in the presence of all the 
right facts. An example par excellence is recorded in Lister’s 
Commonplace-Books (now in the library of the Royal College 
of Surgeons). After Lister had become famous for establishing 
antiseptic surgery, he made another observation, recorded under 
the date, November 25, 1871. He noticed that numerous bacteria 
in a tube of urine were “completely immobile and languid.” He 
also noticed the presence of a soft mold on the surface of the 
urine, which he thaught was a penicillium mold. He made some 
experiments to see if the growth of mold made the liquid an 
unfavorable medium for bacteria. But he cdme to the erroneous 
conclusion that what was happening was a competitive struggle 
for oxygen, the penicillium absorbing oxygen contained in the 
broth and blocking the suiface. 

We are indebted to Dr. Starzl’s group for showing us that 
insulin may be acting as a growth stimulant. This contributes 
much to our understanding of the several beneficial effects of 
portal caval shunt in glycogen storage disease. Last, but not least, 
we are happy to see that they used hyperalimentation to prepare 
these children for shunt surgery, since this tends to confirm our 
own thinking that hyperalimentation reduces the operative risk 
in these patients, ` 


Dr. T. E. Srarzt (Closing): Concerning the snow blindness, 
I am strongly tempted to reveal examples of this disease of my 
own making but I will refrain because the crowd is so small and 
the time is so late tnat there would be an inappropriately small 
number of witnesses! . | 

Dr. Nichols, the literature leaves the probably erroneous im- 
pression that glycogen stordge disease is rarely associated with 
fibrosis. However, in our case material pre-existing fibrotic or 
cirrhotic disease was universal. This was a particularly important 
finding in thé patients with Type III disease. _ 

Concerning the elevated blood sugar Jevels in your patient after 
portacaval shunt; I have found in dogs made diabetic with 
alloxan that portal diversion is a slightly diabetogenic procedure 
for reasons that I do not think we have time to go into today 
(Surgery, 45:531, 1959). Dr. William Waddell has observed the 
same finding under somewhat different conditions of portal diver- 
sion. Such findings would go along with the events you saw in 
your patient, but I would not anticipate management of the 
diabetes would be a serious problem. _ 

As Dr. Folkman said, the role of insulin in accelerating the 
growth of these stunted children is one of the key questions 
raised by my presentation today. Reflecting back 40 or 50 years 
ago, it may be recalled that there were “diabetic dwarfs” in those 
days before hormone therapy became available. This complication 
is not seen anymore for obvious reasons. But it is possible that 
the diabetic dwarfs of that era and the dwarfism that is seen in 
the glycogen storage disease patients of today have the common 
explanation of insulinopenia. 


Abdomino-Transsacral Resection and 
Anastomosis for Mid-Rectal Cancer 


NTERIOR RESECTION with primary anastomosis is 
A the accepted procedure for malignancy o? the 
upper third of the rectum. Cancer of the lower % is gen- 
erally treated by abdomino-perineal resection. We re- 
port here the preservation of the sphincter apparatus in 
lieu of abdomino-perineal resection for cancer of the 
mid-recttim. For the purposes of this study the mid- 
rectum has been defined as an area measured in the 
- knee-chest position with a calibrated sigmoidoscope 5.5 
to 10 cm. above the ano-rectal junction in the female 
and 7 to 1] cm, in the male. 

Surgeons have grappled with the problem of spkinc- 
ter preservation since the latter part of the last century. 
The European efforts are reviewed by Kirschner™ and 
advanced by D’Allaines.!2 The earliest American ~eport 
in 1892 is by Maunsell.28 

We previously? reviewed the rationale used for 
sphincter preservation. Carcinoma of the rectum 
spreads laterally, by direct extension through the wall 
and by intramural lymphatics, and regional lymph 
nodes. The proximal spread is via lymphatics to mesen- 
teric and regional lymph nodes and via the Hood 
stream. Tumors more than 3 cm. above the anus have 
distal spread only in the presence of extensive =ymph 
node involvement. The spread is considered retrcgrade 
(5 to 24). The theoretical surgical effort for mid-rectal 
cancer eradication should be lateral and proximal. 

There is evidence that 5-year survival§.9-19-29.35.°738 jn 
sphincter saving procedures compares favorably with 
abdomino-perifieal resection. The problems with spainc- 
ter saving procedures have been related to postoperative 
complications. and poor functional results. 
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The operation of abdomino-transsacral resection with 
primary posterior anastomosis as described by us is an 
outgrowth of the operation for sacral resection?’ and the 
wark of others,17+.610.12.20,22,38.88 including several mem- 
bers of this Association. 

There are favorable reports by Best and Blair? in 
1949 and Donaldson et al.!* in 1966. Later follow-up 
study is lacking. 

It is convenient** to utilize the lateral position (Fig. 
1) to gain simultaneous access to the abdomen and 
sacrococeygeal region. The colon is resected from the 
descending colon to just above the internal rectal sphinc- 
ter (Fig. 2). The anastomosis is performed posteriorly 
(Fig. 3) just above the level of the internal sphincter 
and pubo-rectalis muscle. The innervation to the anus 
and lower rectum remains intact, thereby preserving 
enough anal and rectal mucosal receptors so that the 
complex mechanism of continence and function may be 
preserved.?? 

The present report evaluates the results of a conse- 
cutive series of 50 such sphincter saving operations, in 
terms of morbidity, mortality, sphincter control and prog- 
nosis. This experience is further compared with a series 
of 40 consecutive abdomino-perineal resections and, 139 
anterior resections, all operations performed by one 
surgeon (SAL) during the same 6-year period. 


Selection of Patients 


The position of the lesion above the ano-rectal junc- 
tion, measured by two observers at different times has 
been the principal determinant for selection. Thase 
lesions falling within the 5.5 to 10 cm. in women and 
7 to 11 cm. in men were considered suitable for resec- 
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Fig. 1. The lateral position is shown which gains sinultaneous 
„access to the abdomen and sacracoccygeal regicn. 


tion, posterior anastomosis and sphincter preservation. 
For lesions above these limits an anterior resection with 
primary anastomosis was performed. Lesiors below 
the mid-rectal limits were treated by convent:onal ab- 
domino-perineal resection. Fixed cancer was consid- 
ered inoperable by either procedure. 

For cancer within the limits indicated, the patient 
is placed in the lateral position, the left coloa is mo- 
bilized from the splenic flexure to the levators, and the 
middle hemorrhoidal vessels secured. 

If the mobilized lesion was high enough for anterior 
resection and abdominal anastomosis, this procedure 
was performed. For lesions high enough for resection 
and posterior anastomosis, the coccyx was removed 
and the operation completed transsacral. If the distal 
line of resection could not be made 2.5 to 3 cm. below 
the limits of the cancer, while still preserving the in- 
ternal sphincter, then abdomino-perinea! reseccion was 
performed. -Anterior and abdomino-perineal resections 
present no unusual technical difficulties when performed 
in the lateral position. It should be emphasized that 
resection was equally radical proximal and leteral to 
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the distal line of transection in all 236 operations. The 
abdomino-sacral was not carried below the levators and 
pubo-rectalis. 

In women with a capacious pelvis and attenuated 
levators, the operation of transsacral resection and 
anastomosis may be performed at a lower level with 
greater safety and ease than in men. The small male 
pelvis, if associated with heavy pelvic musculature and 
obesity, may present serious technical problems and 
hazards. 


Results 


Table 1 and Table 2 are a summary of the 6-year 
efforts with these various operations. There was 100% 
follow up for the abdomino-perineals and abdomino- 
sacrals and 97% for the entire group. The age, asso- 
ciated risks, and mortality for the three operations are 
comparable. The preponderance of males (70%) in 
the abdomino-perineal group is not unexpected. The 
ample female pelvis shifts more patients toward the 
abdomino-sacral and anterior resection leaving a smaller 
residue for abdomino-perineal. Thus far in this study 
salvage without recurrence is significantly better in pa- 
tients treated by abdomino-sacral resection and pos- 
terior anastomosis. 

All patients with abdomino-transsacral resections 





Fic. 2. The colon is resected from the descending colon to 
just above the internal sphincter. 
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were continent, and after séveral weeks of irregularity 
developed satisfactory bowel habits. The 50 patents 
undergoing this procedure would under other circum- 
stances have had an abdomino-perineal resection. A 
colostomy, well performed, managed and accepted**.*4 
is at best a poor substitute for a functioning anal sprinc- 
ter. 

Two anastomotic leaks (1.4%) followed anterior 
resection. Seven anastomotic leaks (14%) followed 
abdomino-sacral resection. The only abdomino-sacral 
death was due to fecal peritonitis. Anastomotic leak is 
clearly the major postoperative complication. Six of the 
seven leaks occurred in men 42-56 years of age (Table 
3). There is no relation to the size of the lesion, its po- 
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sition or the level of the anastomosis. In the total sam- 


Operative Mortality 


mean age 60 


1 (2%) 


mean age 64 


1 (2.5%) 


TABLE 1. The Matertal 

Abdomino- Abdomino- Anterior 
sacral perineal Resection 

Patients 50 40 133 

Females 24 12 65 
` Age 39-74 years 49-86 years 23-87 years 
mean age 60 meanage69 mean aze 62 

Males 26 28 73 
Age 42-79 years 40-75 years 39-92 rears 


mean agre 64 


2(1.4%) 
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Fic. 3. The anastomosis is 
performed posteriorly just 
above the level of the 
internal sphincter and 
pubo-rectalis muscle. 


ple, as can be seen in Table 3, of the 26 males six (23%) 
developed leaks. However five of these six were below 
the age of 55 years and equivalently 62.5% of the 
men below the age of 55 developed leaks. We believe 
leak is a result of the technical difficulties encouritered 
in the better muscled, younger men with a small pelvis. 
We now recommend temporary diverting colostomy 
in men below 65 years. Three men have been so treated 
without leakage. For the uncomplicated patient, the 
colostomy may be closed in the same hospitalization. 
The two-stage operation is associated with greater safety 





TaBLE 2. Results—Operation Done for Cure 
Abdomino- Abdomino- Anterior 
sacral perineal Resection 
Patients 48* 37 110 
Alive with recurrence 1(2%) 3 (8.1%) 5 (4.5%) 
mean 22 mean 35 mean 28 
months months months 
Deed of Recurrence 6(12.5%) 12 (32%) 26** (24%) 
mean 22 mean 27 mean 15 
months months moriths 
Dead other Causes 4(8%) 1(2.5%) 5 (4.5%) 
Alive and Well 36°75%) 21(57%) 74 (64%) 
mean 32 mean 27 mean 31 
months months months 


* Includes one patient operative death 
** Includes 8 patients lost to follow up 
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TaBLE 3. Distribution of Patients with Leaks 
a ee ea a rc cee eae a ee ee ey ee eee ee 





Location Level of anastomosis 
above Ano-rectal Above Ano-rectal 
Junction Survival Junction 
Age Sex (centimeters) (months) (centmeters) 

47 M 8 34 5 

68 F(P) 10 3i* 3 

56 M 8.5 1* 3 

51 M 10.5 34 3 

42 M 7.5 g 4 

52 M 8 57 20 

44 M 8 28 3 

(P) = Paliative operation * Dead 


26 Males with 6 Leaks = 23% 
16 Males (60 yrs. or less) with 6 Leaks = 37.5% 
8 Males (under 55 yrs.) with 5 Leaks = 62.5% 


and less disability than an anastomotic leak. We con- 
tinue to perform one-stage operation for women and 
older men. We recommend defunctionalizing proximal 
colostomy if the integrity of the anastomosis is m doubt. 

The prospective data accumulated among 50 pa- 
tients who had undergone transsacral resection for car- 
cinoma cf the rectum have been reviewed using a va- 
riety of statistical methods. The data collected includes 
information concerning the following variables: 
age 
sex 
. location of tumor 
. Duke’s classification 
. presence or absence of nodal metastases 
. evidence of spread beyond the rectal wall to 
perirecta: fat 

7. postoperative complications 

8. recurrence of disease 

9. survival time 

Cross tabulations of these data were mad= to iden- 
tify meaningful subsets within the sample. The follow- 
ing tables present a summary of a few of the variables 
named above. 

The distribution of the two samples by age and sex 
is shown in Table 4. It is of interest to note fhat an al- 
most equal number of men and women were ia the sam- 
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TABLE 4. Abdomino-Sacral Age and Sex Distrib ation 








Age of Patient at Time of Surgery Male Female Total 
35-39 1 1 
40-44 1 1 2 
45-49 3 2 5 
50-54 4 2 6 
55-59 8 5 13 
60-64 1 4 5 
65-69 3 6 9 
70-74 2 3 5 

75 and over 4 4 
Total 26 24 50 
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TABLE 5. Abdomino-Sacral Survival Time after Surgery 





Survival Time after Surgery 





(months) Living Dead 
<1 2 1 
1~6 4 2 
7-12 6 3 

13-18 
19-24 3 1 
25-30 4 3 
31-36 4 
37-48 5 2 
49-60 5 
>60 4 1 
Total 37 13 
Median Survival Time 
(months) 29 21 


ple. The modal age was in the cohort 55-59 years of 
age. Nine patients over age of 70 were in the sample 
as were eight below the age of 50. 

In Table 5 the survival times are presented for pa- 
tients in the sample. It is of interest to note that 22 pa- 
tients have survived for more than 2 years without 
demonstrable recurrence of disease. The patients who 
have died since operation include several subsets. Of 
the 13 patients who have died two were known to have 
metastatic disease to the liver at the time of operation 
and the procedure was performed as a palliative one. 
One of these patients lived for less than 6 months and 
the other for almost 4 years after operation. Four of the 
remaining patients died of disease not related to cancer 
of the rectum (Table 2). The one patient who died 
less than 1 month after operation had a leak of the 
anastomosis and died with fecal peritonitis. 

A summary of the characteristics of the six who have 
died with recurrent disease is shown in Table 6. The 
survival time of patients who died with recurrence 
range from 8 to 60 months postoperatively. In each 
of these patients evidence of spread was revealed at 
the time of operation or by examination of the speci- 
men. The cancer had penetrated the rectum in five of 
six and the nodes were involved in three of six and all 
had either perirectal invasion or nodal involvement. 
Recurrences were pelvic,” retroperitoneal’? and he- 


TABLE 6. Summary of Patients Who Have Died with Recurrent 


Disease 
Age of 
Patient at Survival Level of 

Time of Time Positive Other Tumor 

Surgery Sex (months) Nodes Spread (centimeters) 
48 M 22 + ss 10 
52 F 9 + = 10 
56 M 12 — -+ 10 
57 M 20 + + 8.5 
66 M 8 — + 10.5 
74 M 60 — -+ 8 
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TABLE 7. Distribution of Living Patients Operated for Cure Who Fuad 
Nodal or Pert-rectal Spread of Cancer 





Positive 
Survival Nodes and/ Both Nades 
Time or Local Positive Local and Loca. 
(months) Spread Nodes Spread Spread 
<1 1 1 
1-6 2 2 1 
7-12 4A 2 4 2 
13-18 
= 19-24 2 2? 1 } 
25-30 4 2 4 2 
31-36 1 1 
37-48 
49-60 3 2 2 1 
>60 j ` { 
Total 18 8 16 7 


* One patient alive with recurrence 
Median survival time for patients without 
nodes or local spread is 36 months. 


patic’? in various combinations. In two patients the-e 
were suture line as well as pelvic recurrences. The 
preponderance of males, all with extension into the 
perirectal fat, is of interest and may signify that the 
narrow male pelvis is a deterrent to cure if the tumor 
penetrates into the perirectal fat. 

The distribution of patients with such positive find- 
ings by survival time is shown in Table 7. Of 37 patients 
still living at the time of this report, 16 patients (a>- 
proximately 50%) had either local spread or positive 
nodes. Seventeen of these 18 patients are alive and 
well without recurrence with a median survival of 24 
months. 

It should be noted that the patients who died wizh 
recurrence were not among the group with low or distal 
' lesions and that survival in this series was not a funz- 
tion of the level of the lesion or the level of the angs- 
tomosis. This finding would tend to support the hy- 
pothesis that the transsacral procedure is an adequate 
cancer operation in so far as survival time is not ecr- 
related to the level of the tumor. 

Many other variables have been examined statis- 
tically and summary tables prepared. No clear evideaze 
of other relevant findings was noted. It will be of ia- 
terest to examine this data after more experience has 
been gained in terms of these patients to see if the 
findings offered here are supported over time. 


Summary and Conclusions 


Cancer of the mid-rectum treated by abdomino-trers- 
sacral resection with preservation of the sphincter av- 
paratus can be performed with a low operative mcr- 
tality comparable to abdomino-perinea]l and antezior 
resection. 

The major postoperative. complication of anastomotic 
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leak in men can be controlled by temporary proximal 
defunctionalizing colostomy. 

The operation as described is -associated with con- 
tinence and satisfactory sphincter function that does 
not require irrigation or an appliance. ` 

The salvage rate of abdomino-transsacral resection 
is at least equal to anterior and abdomino-perineal] re- 
section. 

Stastical analysis of the abdomino-transsacral data 
reveals that the position of the lesion and the level of 
the anastomosis are not significant factors in recur- 
rence or survival. The sex of the patient, the penetration 
of rectal wall by cancer and the presence of nodal 
metastases are significantly related to recurrence. 

On the basis of our experience we believe that this 
sphincter saving operation for mid-rectal cancer is 
worthy of continued controlled clinical trial. 
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Discussion 


Dr. Gorpon A. Donaxpson (Boston): I have had the advan- 
tage of reading Dr. Localio’s manuscript, and congratulete him for 
having run these three parallel series of cases with sech mean- 
ingful results. I would also like to thank him for bringing this 
subject before this Society, as I believe this procedure ‘s a sound 
and* logical cancer operation for carcinoma of the mid-rectum, 
and it has been generally too little utilized. Efforts ir our own 
hospital in encouraging its wider use have met wih limited 
success. A bit more intraoperative energy must be exdended in 
order to preserve the anal sphincter. 

In the late 1940’s, Professor Francois D’Allaines, of Lyons, sent 
monographs describing his operation to both Dr. Arthur Allen 
and Dr. Leland McKittrick. Since 1949 our group has had experi- 
ence with approximately 49 cases, comprising vaginal fistulae 
secondary to radiation therapy, large mid-rectal villous adenomas, 
a few large mid-rectal cancers in which the liver was found in- 
volved with disease at the time of laparotomy, and a particular 
group of small mid-rectal carcinomas. 
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Any procedure which replaces the standard set by Miles 70 
years ago must compare favorably not only in operative mortality, 
but in 5-year cure rate. A suture line recurrence or a pelvic 
recurrence following an anterior resection and anastomosis, or a 
D’Alla:nes procedure, must weigh heavily on the surgeon’s con- 
Science. 

Our biggest problem has been in patient selection. It is now 
generally accepted that the best guide to prognosis in cancer of 
the colon and rectum is the depth of bowel wall penetration and 
the extent of lymph node involvement. It is indeed unfortunate 
that these specifics cannot be ascertained until the specimen is 
in the hands of the pathologist. A number of members of this 
Society have demonstrated statistically that the incidence of 
superior hemorrhoidal lymph node involvement in all cancers 
of the rectum may run as high as 40%, a fact which has made 
local fulguration or radiaticn treatment without operation unattrac- 
tive to us. 

Althcugh these same investigators and others have indicated 
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that the frequency of lymph node metastases or penetratior. of 
bowel wall bears no relationship to the size of the cancez, a 
review in our Pathology Laboratory of lesions limited in sizə to 
3 cm. or smaller, has shown that in only 12% lymph node metas- 
tases are discovered. Inasmuch as we must rely on digital rectal 
palpation and proctoscopic inspection and biopsy in evaluating 
the virility of any given tumor, we have selected the size and 
form of the tumor as guides as to the suitability for abdominal- 
sacral resection. 

With these parameters as measuring sticks, our hospital has 
operated upon a hand picked group of 24 patients with small 
mid-rectal SEEE without operative mortality. The 15 
patients resected prior to 5 years ago, all operated upon for cure, 
are shown on my one slide. As far as distance from the amus is 
concerned, all of these lesions, you will note, lie within the 
mid-rectum. The size of the tumor in the earlier years was cer- 
tainly small, 2 to 3 cm., but in recent years we have been remov- 
ing lesions up to 5 to 7 cm. We are still adhering to the snall 
carcinomas, and the form is important in that most of tnese 
tumors are polypoid, a few described as polvpoid-sessile. ‘The 
distal resection margin at the time of operation was cornsid2red 
5 cm., but you will note that the pathologist generally measzred 
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half this length of bowel beyond the tumor. None of the resection 
margins on pathological examination revealed cancer, and in only 
one of these 15 patients were the lymph nodes found involved. 
All of our patients operated upon for cure prior to 1968 lived 
5 years following operation. Two subsequently died of their 
disease, one at 6% years of lung metastases, and another at 8% 
years from blood borne liver metastases. One other patient, A.E., 
was found to have a pulmonary metastasis approximately 4 years 
following resection. Dr. William Waddell, at the Massachusetts 
General Hospital 12 years ago, performed a wedge resection of a 
lobe of lung, and now at the age of 88 she is still going strong. 
At the present time we feel at our institution that the indications 
for this operation should be somewhat broadened. It should be 
used with caution, however, as Dr Localio’s closing remark indi- 
cated. This is a sound cancer procedure, and in our groups of 
patients, ana. sphincter function remains completely intact. 


Dr. S. ARTHUR Locatio (Closing): I am grateful to Dr. Don- 
aldson for his discussion and I am particularly happy to see his 
slide showing 5 and longer years of follow-up, with very en- 
couraging results. 
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Acoustical Holography for Surgical Diagnosis 


LTRASONICS provides an approach to solving the 
U problem of soft tissue visualization and differen- 
tiation, one of the paramount problems in diagrosis. 

In the last decade there has been a proliferation of 
ultrasonic technics, such as echoencephalogranhy, echo- 
cardiography, B-scan imaging and Doppler ultrasound. 
All of these technics use a sonar or reflective type 
approach whereby ultrasonic energy is received by a de- 
tector after being reflected from various tissue inter- 
faces. The performance of these various ultrasonic tech- 
nics is steadily improving, however, none as vet has 
achieved the success originally hoped for. They tend to 
lack resolution and often require sophisticated inter- 
pretation because of the resultant displays which have 
taken the form of time distance plots, cross-sectional 
slices and ‘beat’ frequencies. 

Speculation has been under way for many vears, as 
witnessed by the early work of Dussik and others,*:*:*:'° 
as to the possibility of using ultrasonic radiation in a 
manner analogous to X-ray, where it would be passed 
directly through the tissues and then recorded in optical 
form for interpretation. The supposition has been that 
ultrasonic radiation is ‘softer’ energy than X-ray, and 
that sound tissue interaction is sufficiently diferent from 
X-ray tissue interaction to allow visualization of soft 
tisyie structure non-imagable by other means. 

Until recently, the development of throug) transmis- 
sion ultrasonic imaging has been retarded by a lack of 
the necessary equipment. The technology for such equip- 
ment has now been developed and several types of 
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detection systems are presently under active investi- 
gation for possible clinical use. At Children’s Hospital, 
we have been working with a variant called acousti- 
cal holography. 


Method 


The acoustical holography system employed in our 
work is illustrated in Figure 1. 

A large diameter beam of high frequency ultrasound 
radiating from the object transducer at either 3, 5 or 
7 MHz is passed through the object to be examined, 
focused on to a liquid surface and converted by means 
of laser light into an optical form. This optical analogue 
of the tissue affected ultrasonic field can then be dis- 





played by whatever medium one chooses—film, video, 
etc. The holographic aspect of the technic is derived 
from the use of a reference beam from the reference 
transducer, which is identical to the sound beam 
transilluminating the tissues. This reference beam, as 
seen in Figure 1, interacts with the object beam in 
such a way as to form an interference pattern called a 
hologram at the liquid surface. This interference pat- 
tern consists of microscopic elevations in the surface 
of the liquid. The laser light then interrogates this 
focused plane hologram by reflection from the rippled 
liquid surface. 

Since it is beyond the scope of this paper to re- 
port exhaustive detail of the principles underlying this 
technic, several references have been included which 
contain more detailed information on liquid surface 
acoustical holography? and acoustical holography in 
general." 


= 


í 


548 HOLBROOKE, MCCURRY, 


SPATIAL FILTER LASER 


a l) > ) 
Ta ) 


LENS 


ate 






LIQUID SURFACE HOLOGRAM 
REFLECTOR 


OBJECT 





REFERENCE 
TRANSDUCER 


OBJECT ACOUSTIC LENSES 


TRANSDUCER 


Fic. 1. Functional schematic of Holosonics Inc. Model 100 im- 
mersion acoustical holography imaging system 


The specific system used is a Model 100 acoustical 
holography imaging system manufactured by Holoson- 
ics Inc. of Richland, Washington. This system is il- 
lustrated in Figure 2 as set up in our laboratory. The 
device, designed originally for the non-destructive test- 
ing of metals, plastics, etc., was adapted for medical 


use by the addition of a 300- gallon water-filled tank 
which is used to immerse either tissue specimens or 
diameter object transducer is 


human subjects. The 5” 





Fic. 2. Photograph of immersion acoustical holography imaging 
system with 300 gallon water-filled immersion tank. 
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seen supported by a cross bar at the end of the tank. 
From this tr ansducer the beam of ultrasonic energy is 
passed through the tissues and thence through the 
acoustic and optical lens trains where it is recorded 
either on the video tape recorder seen to the left of the 
control console, or in static form by the use of Polaroid 
film. 

This system provides a focused image of a plane 
approximately 5 inches in diameter and 1 centimeter 
thick within the object imaged. Different planes of the 
object can be brought into focus by translating or ro- 
tating the object about the focal plane of the acoustic 
lenses. 

The ultrasonic energy used in our experiments is 
pulsed with a variable pulse width of 30 to 120 mi- 
croseconds, a pulse repetition rate variable from 0 to 
60 per second, and a maximum average intensity of 
20 milliwatts per square centimeter. 

The object and reference transducers are quartz 
crystals with a fundamental resonant frequency of 1 
MHz. The system is tuned electronically to utilize only 
the harmonic frequencies of 3, 5 and 7 MHz. The 
maximum power output stated above is for operation at 
3 MHz and, therefore, the power levels for the 5 and 
7 MHz frequency ranges are considerably lower since 
the acoustic transducers are less efficient at higher 
harmonics. 

The major advantage of the liquid surface imaging 

technic lies in its capability of producing real time 
dynamic imaging. At the time of these experiments, this 
was the only system available with this capability. This 
real time imaging capability gave us a situation some- 
what analogous to X-ray fluoroscopy, whereby the 
imaged tissues were able to be dynamically positioned, 
thereby eliminating many artifacts and anatomical am- 
biguities and immeasurably facilitating image interpre- 
tation. This point cannot be emphasized enough, and 
it is regrettable that this aspect of the imaging tech- 
nic cannot be illustrated in a report such as this, thus 
requiring a great deal of extrapolation on the part of 
the reader. Due to the loss of the real time aspect and 
to the various losses inherent in the use of Polaroid 
film and static imaging, the images seen in this repbrt 
are only a fraction of the quality possible with this 
system. 
-Another benefit of being able to record dynamic 
imaging on video tape is the facilitation it affords in 
subsequent data analysis. By using stop frame or slow 
motion technics the video tapes can be played back 
and the specimen or tissues being imaged can be vi- 
sually sectioned as many times as desired, resulting in 
more effective image interpretation. 
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In general, our approach to the problem was three- 
fold: 
1. To conduct a series of experiments to dete-mine the 
general capabilities of the imaging device itself 
together with delineation of any artifact oroducing 
elements. 
To conduct a series of in vitro experiments to cor- 
roborate theoretical calculations of sound tissue in- 
teraction in a through transmission mode. i.e. what 
are the effects of absorption, reflection, <lefraction 
and refraction using this modality. 
3. To image a series of in vivo cases, correlzting these 

with the in vitro studies. 

The majority of in vitro studies were conducted with 


bo 


fresh, unfixed surgical specimens imaged minutes after 
excision in order to avoid changes that might occur 
due to either fixing or tissue degeneration. Limited ex- 
periments were conducted with formalin fixed speci- 
and no significant change 
these and images of fresh specimens. Both specimens 
and patients were imaged in water kept at a temperature 
of 92-24°C. 

Wherever possible, pathologic description and diag- 
nosis was obtained on all imaged specimens, and for 
in vivo Cases any alternative imaging technics that were 
available were used for 
X-ray and thermography. 


mens was seer between 


comparative purposes, e.g. 


Results and Discussion 


The results presented in this report are the early 
experiments we undertook with the acoustical holo- 
graph to better evaluate the characteristic of sound 
tissue interaction when used in a through transmission 
system with the resultant image representing a focused 
plane of the object. 

There are a variety of potential difficulties that may 
create significant problems in this type of imaging. 
The degree of ‘acoustic’ tissue inhomogeneity, the ef- 
fects of differential absorption, and variaticn in acous- 


Fic. 3. Through trans- 
mission ultrasonic images 
of 3, 5 and 7 MHz re- 
spectively of opaque 1 
cm. thick Vespel block 
935 x 48 x 4.8 cm. 
containing paired air- 
filled calibration holes 
with diameters from left 
to right respectively of 
0.3, 0.76, 1.53 and 3.25 
mm. Note the increased 
resolving power of the 
system as the imaging 
frequency is increased 
from 3 to 7 MHz. The 
background ring pattern 
is system artifact. 
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tic propogation velocity are parameters that affect the 
image significantly and must be understood before ac- 
curate interpretation of these images can be made. 
A further aspect we are evaluating is the effect of pre- 
senting an image with a relatively sharp focal plane of 
less hah 1 cm. in thickness within the tissue. That is, 
to what extent does the out-of-focus tissue in front and 
behind the focal plane degrade or distort the in-focus 
image. The tissue surrounding the focal plane will con- 
tain regions that tend to scatter 
create variations in propagation velocity of the Sai 
thus theoretically producing an image with spatial fre- 
quency components giving extraneous or false structural 


the sound as well < 


details. 

The material presented here shows the exciting cap- 
ability of modern ultrasonic imaging as well as illus- 
trating the nature of the above described problems. 


System Performance 

System calibration imaging was conducted with a 
visually opaque Vespel plastic block (Fig. 3). The 
annular patterns seen in the background of the images 
are duc to the inherent interference pattern of the ob- 
ject and acoustic This creates a 
‘scalloping’ effect in the image of the calibration holes. 
This ‘scalloping’ and ring effect is also observed while 
imaging tissues and can create considerable difficulty 
in interpreting some images, 


reference beams. 


especially those of com- 
plicated tissues such as br east with its convoluting ves- 
sel and ductal structures. This artifact can be partially 
by-passed in real time imaging where the specimen can 
be moved actively throughout the field, and by en- 
gineering improvements presently under development. 
Figure 3 illustrates a second important point con- 
cerning presentation of data from this system, in that 
film limitations in photographic results tend to dis- 
tort the original data. This effect, together with the fact 
that we have considerably lower power levels avail- 
able at 5 and 7 MHz, make it difficult to quantitate 
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and properly record in static form the acoustic absorp- 
tion differences seen with different frequencies and, 
therefore, any discussion of acoustic absorption differ- 
ences seen in our results must be considered of a qual- 
itative nature only. 


Tissue Studies. 
Ultrasonic Absorption 


Coronal sections of fixed human brain were imaged 
at various frequencies to determine the effect of both 
relative and absolute acoustic absorption, of out-of- 
focus tissue artifacts, and of system artifacts. One cen- 
timeter thick flat coronal sections were imaged normal 
to the illuminating sound field in order to minimize 
the effects of reflection, edge diffraction and tissue 
thickness variation. 

As seen in Figure 4, the background ring patterns 
considerably degrade the images but the tissue edges, 
including ventricular outoines, can clearly be seen. Note 
that these ring patterns become finer and closer to- 
gether and the tissue appears to distort these an- 
nular rings much more at higher frequencies. Demon- 
strating the differential absorption of ultrasound by 
differing tissues, the white matter with its high fat 
content appears as darker shadows in the 5 and 7 MHz 
images, well differentiated from the surrounding grey 
matter. This effect, although unavoidably exaggerated 
by the limits of our photography, was unequivocally 
present. The frequency dependence of differential ab- 
sorption is seen by the absence of differentiation at 3 
MHz, the slight differentiation seen at 5 MHz (the 
darker shadow representing white matter), and the 
heavy differentiation seen at 7 MHz. Other experiments 
with coronal sections show that the absorption is a 
function of tissue thickness and is also frequency de- 
pendent—the higher the frequency the greater the 
absolute absorption. 

These absorption studies led us to conclude that, 
although the effect is present, it is, with the equipment 
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presently available, of less import than other sound tis- 
sue interactive characteristics such as reflection, re- 
fraction and diffraction. 

This was somewhat disappointing, since it was orig- 
inally hoped that differential absorption would be one 
of the main virtues of a through transmission imaging 
system. The problem is far from settled, however, and 
much further work is required, both with more de- 
finitive experiments, and with improved equipment. 


Focus Artifact 


The problem of image degradation resulting from 
out-of-focus structures present in the imaged tissue is 
illustrated in Figure 5, where a % cm. thick wedge of 
tissue was removed from the upper margin of a coronal 
brain section. The 5 MHz image shown in Figure 5a 
shows a wedge directly in the focal plane, and it is 
clearly and sharply delineated at the top of the pho- 
tograph. The specimen was then moved % cm. towards 
the illuminating transducer and, as seen in Figure 5b, 
the wedge was then partially out of focus and a num- 
ber of artifactual diffraction edges appeared. Out of 
focus structures create many interpretative difficulties, 
especially with tissues that have many interfaces such as 
vascular structure, fat tissue, tendons, etc., since the 
partially defocused images of these structures created 
many phantom structures almost impossible to differ- 
entiate from real ones. By moving the tissue dynami- 
cally through the image plane, out-of-focus (and many 
other) artifacts can be minimized, however. This again 
points out the virtue and need of dynamic imaging cap- 
ability in any system using through transmission imag- 


ing. 
Tissue Penetration 


The question of how much tissue penetration is pos- 
sible with imaging systems of the transmission type 
recurs constantly, especially with regard to intra-ab- 
dominal imaging, but no simple answer is available due 
to the large number of parameters associated with the 


Fic. 4. 1 cm. thick coro- 
nal sections of fixed hu- 
man brain tissue imaged 
at 3, 5 and 7 MHz re- 
spectively. 
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equipment (imaging power, detection methcd, acous- 
tic frequency, etc.) as well as those of the tissue itself. 
The type of tissue imaged and the number and type 
of interfaces in the acoustic path is extremely impor- 
tant. This problem will be dealt with at greater length 
in a later paper by our group, but one illustration is 
included here to demonstrate both the ercouraging 
potential of this type of imaging as well as scme of the 
inherent problems. As seen in Figure 6, an aluminum 
test block with numerous drill holes in it was imaged 
through a pregnant abdomen of 28 weeks gestation. 
The block was placed in the focal plane of -he system 
and against the patients side, the patient being be- 
tween the transilluminating acoustic bear and the 
aluminun block. The energy passing both through the 
block and abdomen was then recorded on video tape 
and a stop frame taken. The result is shown in Figure 
6b. The left edge of the calibration block ean clearly 
be seen, together with most of the drill holes (the an- 
terior uterine wall is to the left of the picture while the 
fetus and posterior uterine wall is to the right). While 
some distortion is produced by the numerous inter- 
vening tissues (skin, subcutaneous fat, abdeminal and 
uterine walls), substantial clarity and resolution is 
achieved, especially in view of the large amount of 
tissue traversed by the sound. This experiment, while 
simple in nature, does illustrate that irterpretable 
images can be obtained through considerable tissue 
thicknesses, and that practical and useful in vivo intra- 
abdominal imaging will be possible with improved tech- 
nique and equipment. 


In-Vitro Organ Studies 
Breast 


Due to the growing concern over the problem of 
breast cancer and with the search for new and im- 
proved detection methods, one of the first organ Sys- 
tems we investigated was that of the breast. These 
studies are continuing, but a number of >ur prelim- 
inary observations and conclusions are presen-ed here. 

In general, the proper evaluation of the technic with 
regard to the breast is not straightforward—the organ 
is acoustically very complex and the technic in its pres- 
ent state of the art is difficult to use and hes numerous 
artifact problems. 

A number of other authors have investigated the 
breast using this technic with apparently some mixed 
conclusions.?:4:7:10 

The hope, more than the reality, as we shall show, 
has been that the absorption characteristizs of trans- 
mission imaging would be such that solid tumors would 
be visible by differential absorption, the tunor appear- 
ing as a dark or opaque mass in the acoustic field, 
while cystic structures could be clear or transparent. 
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Fic. 5. 5 MHz images of coronal sections of human brain illus- 


trating degradation effect of partially defocused tissue structure 


on image. a) Wedge section in focus. b) Wedge section % cm. 


out of focus. 


This feeling has been encouraged by other types of 
ultrasonic imaging employing pulse echo technics and 
by the results obtained in several studies using the 
acoustical holography technic.” 

While we have found that tumor masses can appear 
as opaque within the imaging field, this phenomenon 
appears to be attributable more to the positioning of 
the tissues within the field than to characteristics of 
the tissue itself. 

In our studies, using fresh, excised, unfixed human 
mammary glands removed at operation, we have found 
this problem to be extremely complex. The normal 
breast structure presents a complex image, saturated 
with data and difficult in this early stage of the science 
to interpret. Figure 7 well illustrates this problem. The 
results are typical of many other similar images we ob- 
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Fic. 6. a) Aluminum calibration block 1 x 5.5 x 8 cm. with 
0.8 cm. diameter drill holes. b) 3 MHz acoustic image of same 
block imaged transversely through 28 week pregnant abdomen 
of 38 cm. diameter. 
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Fic. 7. Acoustic images at 3, 3 and 5 MHz respectively of am unfixed excised human breast infiltrating ductal carcinoma. All three 
illustrate the complex patterns seen with breast tissue imaging. 


tained with different breast specimens. A number of 
points can be made from these images: 


l. 


Definite anatomical structure can be seen compati- 
ble with the highly convoluted ductal and vascular 
systems of the breast. 

The image is considerably degraded by the tissue 
structures partially out of the focal plane. 

Improved resolution over the 3 MHz image is seen 
with the 5 MHz image, as one would expect from 
using a shorter wavelength. 


. The biopsy site made for frozen section purposes is 


seen in Figure 7b and c as a darker ‘blurred’ regicn 
in the right half of these images. No obvious tumor 
structures are visible in these photographs, althouch 
the pathologist's report describes an infiltratir g 
ductal carcinoma nodule of approximately % en. 
in size at the base of the biopsy site. The patho- 
logist’s report further describes a region of hemor- 
rhage and necrosis almost exactly compatible m 
size with the darkened, shaded area described abov>. 
This shading has been found in other studies we 
have done on different tissues to be compatid e 


with extravasated blood. Figure 7a shows three ei-- 


cular opacities in the lower left of the field—these 
were investigated at the time the imaging was done 
and were found to be small muscle tags adherent 
to the posterior wall of the breast. Both the hem- 
orrhagic shading and the opacity of the muscle 
tags illustrate the fact that biological artifacts must 
be well delineated before any definitive conclusions 
can be drawn. 

System artifact (the transducer ring pattern) is vis- 
ible and degrades the image. 

When this specimen was imaged in real time, many 
of the system and biological artifacts could be elim- 
inated, but the inability to visualize the tumor it- 
self as an opaque mass still remained. 


Our next step was to simplify the problem by re- 


moving as many of the biological artifacts as we could. 
For this purpose we obtained a section of dog’s breast 
with numerous implanted carcinomas but with the fat 
tissue removed with methyl salicylate. The results of this 
study are seen in Figure 8. These acoustic images clearly 
show many of the implanted tumors as opaque masses, 
but several of these masses are clear or translucent, as 
in Figure 8a, and opaque, as in Figure 8b. This trans- 
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parency effect was, we found, more the rule than the 
exception, in that in order to see the tumors at all, 
critical positioning was essential. This positicning im- 
portance is again illustrated in Figure 8c where the 
ductal system is clearly visible—this is the same spe- 
cimen as in Figures 8a and b, except for a very minor 
focal plane change and critical adjustments o- the spe- 
cimen in the acoustic field. 

The implication here, once again, is that cifferential 
acoustic absorption, at least for the breast tumor situ- 
ation and with this equipment, cannot be utilized as a 
primary criteria for the diagnosis of breast carcinoma. 
In further support of this, we have included two other 
examples chosen from a number of similar supportive 
studies. 

Figure 9a is a 5 MHz image of a section of fixed 
scirrhous adenocarcinoma of the breast wih several 
fat striations. The cancer appears as acoustically trans- 
parent, whereas the fat appears as opaque material. 
Figures 9b and c are 5 MHz acoustic images cf a benign 
28 cm. diameter breast fibroadenoma, 9b showing the 
intact specimen and 9c showing the specimen cut and 
folded open. 

To locate these masses embedded deep within the 
breast depending only on acoustic absorption would 
indeed be difficult. This is borne out even more graph- 
ically in Figure 10. The ‘wormy’ or ‘steel wool’ ap- 
pearance of these images is very typical of fat tissue 
imaged in this manner. Note the increased resolution 
capabilities with the 5 MHz imaging frequency and 
again the effect of system artifact on the image. When 
these specimens are imaged in real time, the effect is 
one of seeing a ‘hole’ in the surrounding fat. i.e., the 





Fic. 9. a) 5 MHz images of benign fibroadenoma of breast, b 


and c) Section of scirrhous adenocarcinoma of breast. Note 


dense fat tissue on right of specimen. 


ACOUSTICAL HOLOGRAPHY 





Fic. 10. Intact infiltrating ductal carcinoma embedded in sur- 
rounding breast tissue imaged at 3 and 5 MHz respectively, illus- 
trating acoustic transparency of tumor. 


tumor is conspicuous by its absence, and even the tu- 
mor edge effects are minimized. 

In summary, we feel that the opacity of tumor ma- 
terial seen by this technic is the result of factors other 
than differential absorption, and that these cannot 
be reproduced with consistency. Furthermore, while 
larger tumors can be seen within the image as ‘spaces’, 
the problem will be compounded greatly when attempts 
to image much smaller lesions of the size important 
for early cancer detection are attempted. We feel the 
technic still holds great promise for this application, 
but that a great deal of further experimentation and 
experience will be required before becoming routinely 
useful. 


Gallbladder 

While our system capability is not yet sufficiently 
developed for routine clinical abdominal imaging, we 
felt that an improved detection method for cholelithi- 
asis would find considerable application. With this in 
mind, we ran a series of imaging experiments with un- 
fixed intact surgical gallbladders. These we carefully 
preserved at the time of surgery with both bile and 
stones intact within the specimen. 

In our series all gallbladders imaged in this manner 
revealed the stones to be acoustically opaque, regard- 
less of type or size while the soft tissue, including the 
bile, was acoustically transparent, visible only by edge 
effect. This is clearly seen in Figures 1] and 12 where 
four different gallbladders are imaged at 5 MHz. In 
Figure 12c several of the small stones appear to be 
partially penetrated by the acoustic energy, but we 
believe this to be due to a diffraction effect, which 
illustrates another pitfall to be aware of in this type of 
ultrasonic imaging. 


In Vivo Studies 


When we realized that the predominant acoustic 
effects were attributable to edge phenomenon (dif- 


fraction, reflection, etc.) rather than to acoustic at- 
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Fic. 11. a) Intact bile and stone filled surgical specimen of 
gallbladder. b) 5 MHz acoustic image of same specimen demon- 
strating acoustic transparency of the tissue and opacity of gall- 
stones. 


tenuation, the images we were obtaining with living 
intact tissues were greatly clarified. Due to equipment 
limitations, we were largely restricted in our early 
studies to arms and legs. In these regions, the main 
pathological soft tissue problems that occur are with 
structures that should image well with a through trans- 
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mission image technic, i.e. the vascular, nerve and ten- 
don tissues. These are tubular or cylindrical structures 
with a well-defined tissue demarcation or interface and, 
in the arm and leg, as opposed to the breast, liver, etc., 
are relatively linear and unconvoluted, thus minimizing 
the limitations of a sharp focal plane. | 


Normals 


Although a number of photographs of acoustical ho- 
lography of various arm structures have been pub- 
lished! we felt that several good examples would 
add considerably to clarification of the concepts we are 
attempting to illustrate and would further encourage in- 
vestigation along these lines for useful applications of 
this type of soft tissue imaging. 

Figure 13a and b are acoustic holographs of human 
forearms, Figure 13a clearly illustrates a branched ven- 
ous structure running parallel to the acoustically opaque 
radial and ulnar bones. Other out-of-focus structures 
are visible in the image, which in the dynamic imaging 
situation can be easily determined to be real or arti- 
factual. Also with dynamic imaging, venous or tubular 
structures such as these can be followed from their 
origins by maintaining the structures within the focal 
plane. 

Figure 13b shows what we believe to be the in- 
terosseous artery running between the radius and ulna— 
again, out-of-focus structures can be made out behind 
the in-focus artery, these being tendons and large 
nerves. With real time imaging, differentiation between 
arteries and other similarly shaped structures can be 
made by observing the pulsation of the vessel. This is 
possible in many cases. Note that in both Figure 13a 
and 13b the ‘scalloping’ artifact resulting from the 
acoustic pattern is plainly visible, especially in Figure 
13b, giving a rippled effect to the artery. 

The imaging of muscle bodies and tendon attach- 
ments is another capability of this imaging device. 
Figure 14a is a 3 MHz image of the distal region of the 


Fic, 12. 5 MHz images 
of three different gall- 
bladder specimens dem- 
onstrating consistent 
acoustic opacity of gall- 
stones. 


Fic. 13. a) 3 MHz image 
of ulnar aspect of mid 
forearm demonstrating 
branched vein. b) 3 
MHz image of forearm 
between radius and ulna 
showing interosseous ar- 
tery. Note ‘scalloping’ of 
artery image due to sys- 
tem artifact. 


upper arm (the elbow is to the right). The numerus is 
seen as a dark horizontal bar with numerous structures 
running from its right end to the upper yart of the 
photograph—these are probably tendinous attachments 
of the brachioradialis muscle together with the neu- 
rovascular bundles that are present in this region, in- 
cluding the brachial artery which was seen to pulse 
when the subject was viewed dynamically. The body of 
the triceps muscle can be seen beneath the humerus. 
Figure 14b more clearly demonstrates the triceps 
muscle body as it narrows into its tendinous distal end. 
In this photograph the elbow is to the left Real time 
imaging allowed visualization of movemert and size 
change of the muscle mass as it contracted and re- 
laxed. 


Case Studies 


Of those pathological cases we have studied, we 
have included two as best illustrating praetical appli- 
cations immediately realizable. 


Fic. 14. a) 3 MHz 
images of distal upper 
arm demonstrating ten- 
dinous attachments of 
brachioradialis muscle to- 
gether with some of the 
neurovascular structures 
in this region (elbow to 
right of picture). b) 3 
MHz image of distal up- 
per arm showing triceps 
muscle body and tendon 
(elbow to left of pic- 
ture). 


ACOUSTICAL HOLOGRAPHY 


599 





Case Reports 


Case 1. Biceps Mass. The patient was a 40-year-old woman 
of slight build with a 2-year history of an increasingly tender and 
enlarging mass superficial to her left mid-biceps region. This 
mass first appeared several months after a CVP line was em- 
placed via her left antecubital fossa. Physical examination re- 
vealed an easily palpable, hard, somewhat irregularly shaped 
mass superficial to the mid-biceps. The mass was only partially 
mobile and was somewhat tender, especially with strong con- 
traction of the biceps muscle. Considerable skin puckering was 
noted over the site of the mass. X-ray and thermographic studies 
were unremarkable. Figure 15a shows the position of the mass 
located at the right end of ruler in photograph. When the patient 
was imaged with the holograph, the mass was easily and clearly 
seen, especially with dynamic imaging. Figure 15b illustrates 
the mass which is in the upper part of the image. Note the 
‘tenting’ effect seen radiating out from the mass. This was seen 
only when the patient flexed her bicep and this, we believe, was 
due to the mass adhering to both the muscle mass and overlying 
skin, so that flexion caused tenting of the bicep muscle sheath. 
Other images of this mass revealed a vein passing through the 
mass itself. This is clearly shown in Figures 16a and b, where 
the mass is seen in two different views through the biceps 








muscle body (the mass being superficial to the muscle). Also 
visible is the vein entering and leaving the mass. 

While we have not as vet been able to obtain surgical con- 
firmation, it is our opinion that this mass is either a large thom- 
bosis in this vein, or a mass of scar tissue surrounding the vein 
resulting from either perforation or damage to the vein at the 
time of the CVP placement. 

Case 2. Cavernous Hemangioma. The patient was a 15-vear- 
old female of moderate build with a 10-year history of a massive 
enlarging cavernous hemangioma of her left arm which bevan 
in her wrist and hand and gradually spread to involve the whole 
of her lower and part of her upper arm. 

On physical examination, the left lower arm was found to be 
markedly enlarged, especially along the ulnar aspect in the 
elbow region where a 2 to 3 cm. generalized increase in thickness 
was noted. This region was found to be soft and spongy on 
palpation with localized regions where deep indentations could 
be made into the tissue. In the region of the wrist large dilated 
superficial varicosities were observed. 

Various studies were undertaken with this patient, the resalis 
of which are seen in Figure 17. Note the close correlation among 
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Mic. 15. a) Photograph 
of elbow region of pa- 
tient with 2 cm. mass in 
region indicated by ruler 
end. b) 3 MHz acoustic 
image of biceps region 
demonstrating mass and 
‘tenting’ effect on biceps 
sheath by adherent mass 
when biceps flexed. 


the three methods in visualizing the underlying pathology. The 
ultrasonic image seen in Figure 17c shows the venous dilations 
as increased brightness; these dilated veins allow the ultrasound 
to pass through relatively unaffected. This is further supported 
by Figure 18, which shows acoustical images of the elbow region. 
These better illustrate how the highly convoluted, dilated venous 
structures are easily seen by this non-invasive ultrasonic method. 
Once again, a great deal of information is sacrificed by static 
recording. Dynamic recording revealed much improved images 
where the focal plane could be moved in such a way that most 
artifacts could be processed out and the anatomical structures 
delineated with remarkable clarity. 


Conclusions 


From our preliminary work we feel that through 
transmission ultrasonic imaging has exciting potential 
for improved soft tissue imaging. It has been illustrated 
that an understanding of the limitations and inherent 
artifacts of such systems will be necessary for accurate 


Fic. 16. Two 3 MHz 
views of differing posi- 
tions of biceps region 
demonstrating mass with 
penetrating vascular 
structure, 
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Fic. 17. a) Thermograph of flexor surface of lower forearm and hand illustrating increased heat emission ( white areas) from 
underlying cavernous hemangioma. b) Radiograph of same patient, the upper an arteriogram and the lower a partial venogram. 
The arteriogram is normal but the venogram clearly shows the tremendous venous lakes or varicosities in the lower forearm. While 
not visible in this venogram, these varicosities extend to above the elbow region. Note numerous calcified phleboliths in the non- 
visualized venous lakes. c) Acoustical holograph imaged at 3 MHz of lower forearm in same orientation as thermogram and X-rays. 
The venous dilatations in the ulnar region are seen zs bright areas with a more normal appearing vein ascending the arm towards 
the elbow. 


image interpretation. A great deal of further study is coming artifacts that occur due to out-of-focus struc- 
required of sound/tissue interaction, and more ex- tures. 
perience will be required to fully determine how 


a , 2, Further engineering efforts should be directed to- 

closely the acoustic image simulates the actual mor- BED 2 a 
phological structure. iiaii | 

A thorough understanding of the many parameters a. Removal of system artifacts, primarily the degrad- 
involved in this type of imaging must be cained or ing background ring patterns. 
many interpretative mistakes will be made. This un- b. Improved ease of operation of the system in gen- 
derstanding will come primarily from carefu, quanti- eral. 
tative studies designed to investigate the mdividual c. Increased imaging power or, preferably, improved 
factors of absorption, reflection, refraction and diffrac- detection in order to obtain interpretable images 
tion. . a ato from thicker tissue masses, such as the abdomen. 

A number of specific findings from our work are: d. Elimination of the need to immerse the subject in 
|. Dynamic or real time imaging is essential for over- a water bath, This is presently under development 


Fic, 18. a) Acoustical 
holograph image of el- 
bow region of patient 
with cavernous heman- 
gioma. Forearm is below 
photograph and large 
dark region in center are 
the bones of the elbow. 
Note bright areas which 
are the acoustic images 
of farge pathological dil- 
atations in the veins of 
this region. b) Similar 
image of 18a demonstrat- 
ing focal change ‘cutting’ 
a different ‘tissue slice’ 
of the pathologic dilated 
vein. Object to left of 
venous pool is acoustic 
image of author's finger 
as he pressed on the re- 
gion overlying the deep 
venous lake. 
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using self-contained water-filled bags that form the 
tissue-water interface. 

3. The advantages of better resolution and improved 
differential absorption at higher frequencies are com- 
promised by the high absolute absorption and lewer 
available power levels. 

4. Through transmission ultrasonic imaging appears to 
be more dependent on reflection, refraction and dif- 
fraction effects in the tissues than on differential ab- 
sorption. 

5. The positioning of the object in the acoustic field is 
very critical to the resultant image. 

6. The system is presently capable of performing useful 
clinical imaging on human appendages and can yield 
some success in intra-abdominal imaging. 

7. The interpretation of images obtained from complex 
tissues such as the human breast. will require con- 
siderable future investigation before useful applica- 
tion can be made. 


In summary, we feel that real time transmission ultra- 
sonic imaging holds great promise as a useful soft tis- 
sue imaging tool. We are continuing our own efborts 
towards this end, and encourage a greater interest and 
activity on the part of others in realizing its full po- 
tential. 
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DISCUSSION 


Dr. V. Ricnarps (Closing): This preliminary work is an e fort 
to improve our diagnostic skills in studies of the soft tissues. 
I would just like to emphasize that there are certain advantages 
to this approach over others that we have. 

First of all, it is apparently harmless as far as the acoustical 
energy is concerned. Secondly, it is repetitive. You can repeat 
the examination at will. 

Thirdly, it’s non-invasive. Nothing has to be put into the patient. 
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And, fourthly, you see it in real time and have the opportunity 
of studying it in a dynamic situation. 

We have been handicapped up until now because the part had 
to be immersed in water to provide the video tapes and film that 
were shown. But with the new machine, we can eliminate the 
water bath, so hopefully we can begin to study organs like the 
breast, carotid circulation of the head, abdominal abscesses or 
tumors and vascular diseases of the extremities. 


Total Body Potassium Measurements as a Guide 


NTRAVENOUS ALIMENTATION has become an accepted 
I therapeutic method to prevent or correc? negative 
nitrogen balance in patients unable to absort sufficient 
calories from the gastrointestinal tract. Both animal ex- 
periments and clinical trials have attemptel to sub- 
stantiate the beneficial effects of intravenous nutrient 
solutions. Dudrick and co-workers demonstrated normal 
growth and development in parenterally fd beagle 
puppies.” These workers and others have demonstrated 
weight gain, positive nitrogen balance, and wound heal- 
ing in humans maintained on intravenous alimentation 
under a variety of clinical conditions.?:*7 To date little 
has been accomplished in elucidating the dhysiologic 
and possible pathologic consequences of the long-term 
introduction of hypertonic glucose and amino acids by 
the venous route. Nitrogen and potassium balance stud- 
ies offer the investigator a reasonable evaluation of the 
relative consequences of intravenous alimentation but 
cannot afford an absolute assessment either as a base- 
line or at any point in time during the therapy. Indi- 
viduals normally ingest approximately 100 mEq. of po- 
tassium daily, with 95% appearing in the urme and the 
remainder in the feces. Certain diseases (cardiac, renal, 
etc.) can alter this value. Patients suffering from chronic 
starvation tend to lose potassium in a fixed ratio to ni- 
trogen (3 mEq. potassium to one gram oF nitrogen). 
Furthermore, intracellular protein contains nitrogen in 
a fixed amount. It is this protein that corstitutes the 
energy providing moiety in the starving patient. The 
aforementioned relationships permit extrapelation from 
intracellular potassium to lean body mass. Others have 
made a plea for a “caloric intake and outpu~”.* 

Measurement of total body potassium either by the 
method proposed by Moore’ or by utilizing a total body 
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scintillation counter can provide invaluable information 
regarding lean body tissue mass. Potassium is an intracel- 
lular cation. It is primarily found in such cellular tissues 
as muscle and parenchymatous organs. Less than 2% 
of the total body potassium exists in the extracellular 
compartment. The relative constancy of potassium in 
“energy providing” tissues makes it an ideal marker to 
measure changes in lean body tissue. With the latter 
procedure repeated determinations can be safely made. 
Both the absolute and relative measurements of pa- 
tient’s total body potassium can be obtained and ex- 
trapolated to obtain lean body tissue mass.® 


Materials and Methods 


During the 6-month study period, 59 patients re- 
ceived intravenous alimentation as adjunctive or sole 
nutritional support. The duration of therapy varied from 
1 to 90 days. Dudrick’s basic formula was used, con- 
sisting of 750 cc. of 5% protein hydrolysate in 5% dex- 
trose and water, mixed with 350 cc. of 50% dextrose in 
water. Electrolytes and water soluble vitamins were 
added. This solution provided 1000 calories in each 1100 
cc. Patients were either followed by the authors on the 
surgical units of New York University-Bellevue Medi- 
cal Center or studied in the metabolic unit at Bellevue 
Hospital. 

Routine blood analyses were performed by the in- 
patient laboratories of the various medical center hos- 
pitals. Information on caloric intake and nitrogen in- 
take was provided by measurements of intravenous and 
oral intakes on the metabolic unit. 


560 


Mean Baily fabprdsydrtake; .2ka> S84°Cafories 


G.F.-BH: 20-90-75 


cal. x 100 


0 2 L 6 8 10 12 14 16 i8 20 
DAYS OF THERAPY 


FIGURE 1 


#K is a metabolically active isotope of ®K and is 
evenly distributed in similar body compartments. Its 
half-life is 3 x 10° years and it disintegrates as a gamma 
emitter of high energy (1.46 MeV). A high degree of 
accuracy in counting can be obtained with specially con- 
structed counters and steel-shielded rooms designed to 
detect *°K emission. *°K is a naturally occurring iso- 
tope, found in all living cells. Its measurement does not 
require the introduction of radioisotopes. Therefore, 
repeated determinations can be made at will without 
danger to the subject. 

Serial total body potassium determinations were made 
by placing the patient in an 8” thick steel-shielded 
room. An 8” and 4” sodium iodide scintillation detector 
in the half-meter are chair position was used. Raw data 
were collected on a 400 channel multichannel analyzer 
with paper tape output. Data were then calculated us- 
ing the PARANA program. Total body potassium def- 
icits were calculated from Anderson’s data on normal 
subjects.! 

Fifty-five patients who received intravenous alimen- 
tation were studied from a clinical and chemical stand- 
point. Two of these patients underwent serial total body 
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potassium measurements by the method described and 
are presented below. 


Case Reports 


Case 1. A 63-year-old chronic alcoholic man underwent a porta- 
caval shunt for bleeding esophageal varices. Six days later a sub- 
total gastrectomy and vagotomy was performed for bleeding gastric 
ulcers. The patient was discharged 4 weeks later but was re- 
admitted with anorexia and weight loss. At that time the patient 
had scleral icterus and asterixis. He was confused and cachectic. 
The patient was begun on a 40 Gm. protein diet, divided in eight 
daily feedings, supplemented by intravenous alimentation. This 
was done in an attempt to reverse the severe negative nitrogen 
balance while circumventing the absorption of nitrogen from the 
gastrointestinal tract. 

The patient was maintained on intravenous alimentation for 3 
weeks, During this time he gained weight and became fully alert 
and oriented. He was subsequently discharged on a 40 Gm. 
protein diet. The patient was re-admitted approximately 2 weeks 
later. He had refused to maintain his diet and had resumed a 
substantial intake of alcohol beverages. At this time he had lost 
an additional 7 pounds. He was not considered a candidate for 
further intravenous alimentation. 


Discussion 


This patient received an average of 2,152 calories 
daily, 77% by the intravenous route (Fig. 1). There was 
considerable fluctuation in the patient’s weight, with the 
general trend toward an increase. Subsequent discharge 
and “semi-starvation” outside the hospital environment 
led to a loss of nearly 3 Kg. of lean body tissue mass 
(Fig. 2). 

On the first, 12th, and 13th days the patient was 
noted to be extremely confused and asterixis could be 
elicited. In retrospect it was evident that the patient 
had received more than 4 Gm. of nitrogen by the oral 
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route during these days. The mean daily oral nitrogen 
intake was 3.7 Gm., while the mean intravencus intake 
was 4.23 Gm. (Fig. 3). It is evident that greater quan- 
tities of nitrogen could be administered by -he intra- 


venous route without an accompanying deterioration in 


the patient's clinical condition. 

Serial total body potassium was determined. The 
patient became 62% deficient in potassium for an in- 
dividual of his age (Fig. 4). If one accepts a value of 2.5 
Gm. of potassium per kilogram of lean body mass, then 
this patient’s lean body tissue mass (LBM) was in the 
range of 11.7 Kg. At the end of this study, he had 
doubled his total body potassium to 63 Gm. so that LBM 
was 50% of his weight, or 25.2 Kg. 

This patient’s total body potassium was again mea- 
sured 2 weeks after discharge from the hospi-al. An ad- 
ditional 6% deficit in potassium was noted at that time 
(Fig. 4). 


Case 2, A 63-year-old woman was admitted wita intractable 
diarrhea, dehydration, anemia and weight loss. The patient had 
undergone multiple small bowel resections at varieus hospitals 
during a 15-year period. Most of the resections were performed 
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for obstruction secondary to adhesions. She subsequently under- 
went a subtotal gastrectomy and Billroth II anastomosis for a 
perforated duodenal ulcer. Since 1955 the patient had 10-20 
bowel movements daily. Her weight had gone from 58 Kg. to 
32.8 Kg. 

Medications included folic acid, B-12, iron, “multi-vitamins”, 
thyroid extract, steroids, lomotil, and sleep medication. 

On physical examination the patient appeared emaciated and 
dehydrated. She was irritable and uncooperative. Admission 
hematocrit was 26%. 

After obtaining the appropriate baseline studies the patient 
underwent transfusion to regain a “normal” hematocrit and intra- 
venous alimentation was begun as a supplement to the less than 
adequate oral intake. She was maintained on this regimen for 
33 days. Her sensorium improved markedly. The patient gained 
weight, her appetite became voracious and she ambulated for 
the first time in months. Upon discharge she was having one to 
two well-formed bowel movements daily and was no longer 
taking any medication. 
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Discussion 


This patient received an average of 1,343 calories 
daily by the intravenous route. She gained two kilo- 
grams during the period of study (Fig. 5). Body weight 
alone gave no clue as to lean body tissue stores since an 
increase in LBM occurred despite a stabilization in 
body weight. Water diureses concomitant with the in- 
creasing LBM would explain this paradox. The serum 
albumin, while not an indicator of body protein synthe- 
sis, rose during the study period (Fig. 6). Despite the 
infusion of 200 Gm. of glucose daily, and without evi- 
dence of glucosuria, this patient’s serum glucose levels 
were frequently in the low normal or subnormal range 
(Fig. 6). The severe negative nitrogen balance and 
necessity for a readily available metabolic fuel was 
probably responsible for a “resetting” of the homeo- 
static mechanisms to this lower level. 

Total body potassium levels were obtained 1 day 
prior to the beginning of intravenous alimentation. To- 
tal body potassium at this time was 40 Gm., representing 
24% deficiency compared to “normal” females of the 
patient's age and sex. Determinations were also made 
13 days and 21 days after initiation of therapy and rep- 
resented 11% and 7% deficits in total body potassiam 
levels at these times (Fig. 7). 

Prior to therapy the patient had a LBM of 10 Kg; 
after 3 weeks of intravenous alimentation the LBM had 
increased to 12.5 Kg. No deposition of fat occurred since 
there was no increase in weight which could not be ac- 
counted for by an increase in LBM. 


Conclusions 


These data support the use of intravenous alimenta- 
tion as a modality for attaining positive nitrogen bal- 
ance in the starving patient. Nitrogen balance studies 
have supplied indirect evidence to support this view. 
The use of a measurement of total body potassium using 
a total body scintillation counter provides a safe and 
convenient method to document the effects of intrave- 
nous alimentation in such patients. 


Summary 


Two patients receiving intravenous alimentation were 
subjected to serial total body potassium scintillation 


BERNARD AND STAHL 


Ann. Surg. « October 1973 


counts. This information provided a basis for deter- 
mining lean body tissue mass. The data support the view 
that intravenous alimentation provides sufficient calo- 
ries and nitrogen to obtain an increase in lean body 
tissue mass in patients previously in severe negative ni- 
trogen balance. Extreme caution must be exercised in 
interpreting increases in weight as consistent with an 
increase in LBM in patients receiving intravenous ali- 
mentation. LBM can increase without changes in body 
weight and may occur in the face of weight loss as 
edema is mobilized and diuresed concomitant with in- 
creasing lean body tissue mass. 
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benign or malignant, the best 
therapy is removal. 
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tions, and the early and late results of surgical 
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valvular disease, and ischemic heart diseases. 
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and active (manual) modes of operation. In 
the active mode, the patient exerts foot pres- 
sure to drive the treadles. Resistance of the 
treadles can be instantly adjusted at the con- 
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wishes to apply. A timer and counters permit 
the nurse or patient to set the Pedi-Pulsor for 
the amount of exercise prescribed by the 
doctor. 
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Unit and on the surgical and medical floors of 
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ATLAS OF SURGICAL TECHNIQUES 


By Philip Thorek, M.D.. F.A.C.S., F.I.C.S. 
Illustrated by Carl T. Linden 


From tracheostomy to subtota gas- 
trectomy, each procedure prese od in 
this atlas has proven its advantages 
over and over again in the oper rating 
room. In sol oraiiio with the bril- 
liant medical artist Carl T. Linden, 
Dr. Thorek covers the surgical pa 
lems most frequently encountered i 
daily practice. Youll find pages A 
voted to procedures such as hernior- 
rhaphy, splenectomy, thoracestomy, 
hemorrhoidectomy, ete. Each opera- 
tive procedure is clearly presented, 
step-by-step, on a right hand page, 
with explanatory text on the facing 
page. 


Where competitive techniques for 
given conditions exist, Dr. Thorek 
states his preferences with cheracter- 
istic clarity and candor. Every choice 
is critically discussed and firm'y sup- 
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ported in the detailed presentations. 


All the illustrations are original, the 
text type is large and legible, and the 
beautiful ioi are labelled with 
maximum claritv. The author's repu- 
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latest work. 
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on which Dr. Thorek and Carl T. 
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ing all the essentials of description in 
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has an equal power of expressing the 
descriptions in visual form. It is a 
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Every surgeon, from resident to chief 
of service, will want to include this 
new atlas in his armamentarium. 
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cephalexin monohydrate 


a20%-30% 
price reduction" 


within 12 months 


‘Reductions vary by dosage form 


*250-mg.' Pulvules” of cephalexin monohydrate 
reduced 24% 


-|denti-Dose® (unit dose medication, Lilly) — 
reduced 19%-23% 


“Based on price reductions by Eli Lilly and Company 
to distributors in 1972 and 1973 


tEquivalent to cephalexin —- 4 in dia apo ite Wey ndiana 46206 
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When parenteral analgesia 
is no longer required, 
Empirin Compound with 
Codeine usually provides the 
relief needed. 


HERE Sutures 





weak: 


Empirin Compound with 
Codeine is effective for 
visceral as well as soft tissue 
pain—provides an antitussive 
bonus in.addition to its 
prompt, predictable 
analgesia. 


ill prescribing convenience: 
up to 5 refills in 6 months, 
at your discretion (unless 
restricted by state law); by 


telephone order in many states. 


Empirin Compound with 
Codeine No. 3, codeine 
phosphate* 32.4 mg. (gr. ¥2); 
No. 4, codeine phosphate* 
64.8 mg. (gr. 1).*Warning— 
may be habit-forming. Each 
tablet also contains: aspirin 
gr. 3⁄2, phenacetin gr. 21, 
caffeine gr. 1⁄2. 


heat Burroughs Wellcome Co. 
Research Triangle Park 


Wellcome / North Carolina 27709 
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COMPOUND 


¢ CODEINE 


#3, codeine phosphate* (32.4 mg.) gr. 1⁄2 
#4, codeine phosphate* (64.8 mg.) rs | 
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Post-operati Constipating analgesics and sedatives... Gentle and predictable with 
Y still confined to bed... immobelization...reduced food and fluid colon-specific SENOKOT Tablets/ 
or restricted ambulation... intake ... constipation common. .. fecal Granules. Virtually free from side 
impaction a threat to be avoided... effects in appropriate dosage. 


Supplied: SENOKOT Tablets 
(small, easy-to-swallow)—Bottles 
of 50 and 100. SENOKOT 
Granules (delicious, cocoa- 
flavored)—4, 8 and 16 ounce 

(1 Ib.) canisters. 







í 


(standardized senna concentrate) 
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in anorectal wounds 
and disorders 











Relief 


Proctofoam-HC, unique mucoadhesive 
foam, medicates the anorectal mucosa 


more rapidly and thoroughly 
than suppositories “’ 


e better contact with the involved tissues;!6 spreads 
evenly throughout anal canal, rectal crypts, papillae 
and hemorrhoidal sites. 

e unlike suppositories, won't “bypass” areas Df pathol- 
ogy often missed by creams and suppositomes. 1.4.5.6 

e unlike Suppositories°—spreads evenly, witk no 
need to melt. 


Proctofoam-HC offers greater 
promise of a short and pain-free 
postoperative period 


e faster wound healing!:> (21⁄2 to 3 weeks instead of 
the expected 3% to 4 weeks).° 

e less scar formation—wounds more pliable, w th 
clean, healthy-looking, granulating tissue.*3 

e less edema, inflammation, swelling, itching, pain 
and tenesmus.1:3,56 

e preferred by patients over other forms of therapy.!:4:° 
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Compared to suppositories, 
Proctofoam-HC provides greater patient 
comfort, convenience and economy 


e measured-dose applicator facilitates self-admin- 
istration with minimal discomfort! and eliminates 
finger contact with perianal area. 

e mucoadhesive foam won't leak or stain.?:4 

e foam container requires no refrigeration. 

e less than half the cost of hydrocortisone-ccntaining 
suppositories per application. 


-Blanket of, 





unique mucoadhesive foam 


Proctofoam-HC 


Each measured dose (approx. 6.5 ml.) delivers 
hydrocortisone acetate 1%, pramoxine hydrochloride 1%, 
in a water-soluble, mucoadhesive foam base. 


antiinflammatory/antipruritic/ analgesic 


References: 1. Bernstein, |.: Surg. Dig. 4:23, Jan. 1969. 
2. Sladek, W. R.: Scientific Exhibit, 69th Annual Meet- 
ing of American Proctologic Society, April 1970. 

3. Sladek, W. R.: Amer. J. Clin. Res. 1:33, Jan.-Feb. 1970. 
4. O'Brien, J. R.: Surg. Dig. 4:27, April 1969. 5. Miller, H.: 
Amer. J. Procto!. 18:59, Feb. 1967. 6. Lieberman, W.: 
Amer. J. Procto!. 20:134, April 1969. 


Active Ingredients: Hydrocortisone acetate, 1%, 

and pramoxine hydrochloride, 1%, in a mucoadhesive 
foam base. 

Indications: Temporary relief of anorectal inflammation, 
pruritus, pain and swelling associated with hemorrhoids, 
proctitis, cryptitis, fissures, postoperative pain and 
pruritus ani. 

Contraindications: Abscess, extensive fistulas or sinus 
tracts, tuberculosis, varicella, vaccinia or acute herpes 
simplex. 

Precautions: A complete rectal examination to rule out 
serious pathology should be completed before instituting 
therapy. Do not use on infected lesions unless accom- 
panied by antiinfective agents. Discontinue use if 
sensitivity develops. 

Caution: Do not insert any part of the aerosol container 
into the anus. Contents of the container are under pres- 
sure, but not flammable. 

Dosage: One applicatorful two or three times daily and 
after each bowel evacuation. Perianally, apply as needed. 
How Supplied: In aerosol container providing 15 Gms. 

of medication (approx. 25 applications) with special rec- 
tal applicator and patient instructions. 


Reed & Carnrick/ Kenilworth, N.J. 07033 ie 
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Microbicidal power 











of BETADINE SURGICAL 
SCRUB was used in Apollo . 
11/12/14 Splashdow7s ~ “<= Li 


Prep wit 
Surgical Scrub/Solution/Aeros& 


Golden microbicidal tather of BETADINE SURGICAL SCRUB 
for optimal preoperat ve skin degerming— Selected by NASA 
for decontamination procedures in Apollo 11/12/14 
Splashdowns, BETACINE SURGICAL SCRUB offers unique 
advantages for preoperative degerming of the skin of your 
patients. It kills bacteria (both gram-positive and gram- 
negative), fungi, virusas, protozoa and yeasts. It is fully micro- 
bicidal with each application —there is no waiting fora 
gradual antibacterial Suildup. 


Enhance antisepsis with BETADINE SOLUTION or BETADINE 
AEROSOL SPRAY — After prepping the operative site with BETADINE 
SURGICAL SCRUB, paint with BETADINE SOLUTION or spray with 
BETADINE AEROSOL SPRAY. Both are fully microbicidal, film-forming, 
exert longer microbicidal action than iodine tincture, and maintain mf 
microbicidal action in the presence of blood, pus, serum or necrotic 
tissue. The site of application can be bandaged or taped. 


To help prevent postcperative infection—Reapply BETADINE 
SOLUTION or BETACINE AEROSOL SPRAY after suturing 

and during redressing. BETADINE microbicides are virtually 
nonirritating and do not stain skin or natural fabrics. In the rare 
instance of local irritetion or sensitivity to BETADINE SURGICAL 
SCRUB, discontinue use in the individual. 
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What does man have in common with 
the Indian fruit-eating bat? 


Neither man nor the Indian fruit-eating Dat (Ptero- 
pus medius) can synthesize vitamin C. Most mam- 
mals can. 

It isa curiosity of nature that man can neither 
synthesize vitamin C nor store most of the water- 
soluble vitamins. He should replenish these nu- 
trients every day in order to maintain normal tissue 
levels. 

Usually, this is accomplished in his daily diet. 


SURBEX-T 














500 mg. of Vitamin C with High Potency B-Complex 





But under conditions of illness, stress, in conva- 
lescence, or following surgery, vitamin stores may 
be depleted or metabolic demands increased. 

In such cases, Surbex-T may be indicated. Each 
tablet provides 500 mg. of vitamin C plus high 
potency B-complex. 

Where nutritional status must be preserved, 
Surbex-T can help restore what the body can not 
store. Rep 
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) When Pain 


' Cries for Relief! 
Start oral DILAUDID (hydromorphone) 
2 to 4 mg. every four hours... to 


alleviate moderate to severe pain... 
well tolerated ... minimal sedation 


CONTRAINDICATIONS: Intracranial lesions associated with increased intracranial 
pressure, status asthmaticus. WARNINGS: May be habit forming. If given intravenously, 
mjection should be given very slowly. PRECAUTIONS: Usual precautions for admini- 
stration of opiate analgesics should be observed; the possibility of respiratory 
depression should be kept in mind. If significant respiratory depression should occur, 
ł may be antagonized by the use of nalorphine hydrochloride or levallorphan tartrate. 
ADVERSE REACTIONS: Nausea, vomiting, dizziness, somnolence, anorexia and consti- 
pation may occur. Rapid intravenous injection increases the possibility of hypotension 
and respiratory depression. HOW SUPPLIED: Tablets —1 mg., 2 mg., 3 mg., 4 mg. 
Rectal Suppositories — 3 mg. in cocoa butter base. Ampules — 1 ml., 1 mg., 2 mg., 
< mg., and 4 mg. per mi. with 0.2% sodium citrate, 0.2% citric acid solution. Cough 
Syrup — 1 mg. Dilaudid hydrochloride and 100 mg. glyceryl guaiacolate per 5 ml. 


A Schedule II (@) narcotic. Requires Federal BND order form. 


Oilaudid 


(hyaromorphone) 
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Notice to Contributors and Subscribers 


The ANNALS oF SuRGERY considers for publica- 
tion original articles only, papers which offer sig- 
nificant contributions to the advancement of sur- 


gical knowledge. 


CONTRIBUTIONS. Original typed manuscripts 
and illustrations, plus three copies and 3 sets cf 
illustrations, exchanges and book reviews should 
be forwarded prepaid, at the author's risk, to the 
Chairman of the Editorial Board of the ANNALS 
OF SURGERY: 


Jonathan E. Rhoads, M.D. 
1000 Ravdin Institute, 3400 Spruce St. 
Philadelphia, Pa. 19104 


Manuscripts, as well as list of references, should 
be typed double spaced on one side of the paper, 
leaving wide margins. While every effort will be 
made to guard against loss, it is advised that av- 
thors retain copies of manuscripts submitted. The 
complete address for reprint requests should be 
included in the title page. All pages should be 


numbered. 


Digits one to ten should be spelled out, ex- 
cept when used for units of measurement (time, 
weight, volume, dosage, degrees) percentage, or 
when decimals are involved; for numbers above 
ten, numerals should be used. Dorland’s Medical 
Dictionary and Websters International Diction- 
ary may be used as standard references. Scientific 
names for drugs should be used when possible. 
Copyright or trade names of drugs should be cap- 
italized. Units of measurement, e.g., dosage, 
should be expressed in the metric system. Tem- 
perature should be expressed in degrees cent:- 
grade. Contributions in a foreign language, when 
accepted, will be translated and published in 
English. 


Black and white illustrations will be repro- 
duced free of charge, but the publisher reserves 
the right to establish a reasonable limit upon the 
number supplied. Colored illustrations will be 
published at the authors expense. Black and 
white photographs should be in the form of glossy 
prints. Line and wash drawings should be black 
on white paper, with lettering in black india ink, 
large enough to be readable after necessary re- 


duction. Large or bulky illustrations should be ac- 
companied by smaller glossy reproductions of the 
same, to facilitate their circulation among the re- 
viewing members of the editorial board. Illustra- 
tions should be numbered, the tops indicated, and 
the authors name and the title of the article in 
brief appear on the back. A separate typewritten 
sheet of legends for the illustrations should be 
supplied. 


A bibliography of numbered references in al- 
phabetical order should appear at the end of the 
manuscript with corresponding numbering in the 
text. Bibliographies should conform to the style 
of the Index Medicus with the exception that the 
last page number should be omitted, viz: author's 
name, title of article, name of journal, volume 
number, first page number, and year of publica- 
tion in the order named. 
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vertising, and all business communications should 
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The publishers accept no responsibility for 
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Support hosiery 
looks funny 


~ Very serious 
reasons. 
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Compare Parke-Davis Elastic Support 


Hosiery with another brand—one you may now 


be recommending. See for yourself wky ours 
best provides these important advantages. 


1. True, controlled graduated compression 


means greater support at the foot and 
ankle, and gradually less support higher up 
the leg. Ours obviously provides this feature. 


2. Two-way stretch is woven into the 
hosiery from bottom to top. So there’s no 
need for a tourniquet-like band at the top to 
help keep the hosiery up. Ours obvious: y 
provides this feature. 


3. Medically-correct design matches the 
needs of the patient with vascular disease of 
the lower extremities. Ours obviously 
provides this feature. 


Result: our support hosiery does wnat 
support hosiery should do. It helps prevent 
edema. Minimizes venous pooling of bleod. 
Helps reduce the leg pain associated wita 


_ varicosities. 











Incidentally, Parke-Davis 
Elastic Support Hosiery is made for 
women, too. Panty hose included. 
A complete range of sizes and 
sheerness. Better looking 
than men’s hosiery—but still 
medically correct. 

Seriously, isn’t that beautiful? 


PARKE-DAVIS 
ELASTIC SUPPORT HOSIERY 


They look funny- 
until you 
put them on. 
Parke, Davis & Company ¢ Detroit, Michigan 48232 
1-C (2-73) 
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You can be there. . . at the 1973 Clinical Con- 
gress of the American College of Surgeons... 
sitting in on key sessions . . . Panels, Sympo- 
siums, Post-graduate Courses .. . all through the 
medium of ACS/CLINITAPES — exclusive, au- 
thoritative sound recordings. 


Introduced in 1972, this new audio-cassette re- 
cording service of the American College of Sur- 
geons helps keep you informed and up-to-date 

in the privacy of your office... car... Or 
home. You hear actual programs from this year’s 
Spring Meeting and Clinical Congress . . 
recorded live and reproduced in high quality cas- 
settes. You add to your personal program of con- 
tinuing surgical education with ACS/Clinitapes 
... the way to stay aware of new developments 
and advances in surgery .. . information vital to 
the busy professional. 


Find out more about ACS/CLINITAPES now .. . 
the only cassette program where you choose the 
titles. Mail the convenient coupon today. No 
obligation. . 
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ro: ACS/Clinitapes 


55 EAST ERIE STREET © CHICAGO, ILLINOIS 60611 


| am interested in more details on ACS/Clinitapes. Please 
send me, without obligation, information and current titles 
as soon as available. 


Name i = 
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City _ State Zip 
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Brief Summary. 


Consult the package literature for prescribing iaformation. 


Actions: Keflin® (sodium cephalothin, 
Lilly) is a broad-spectrum antibiotic. 
Following a single 1-Gm. intravenous 
dose, blood levels have been about 30 
mcg. per ml. at fifteen minutes. Dos- 
ages of 2 Gm. given intravenously over 
a thirty-minute period have produced 
serum concentrations of 80 to 100 mcg. 
per ml. one-half hour after the infusion. 

The antibiotic passes readily into 
body fluids, e.g., pleural, joint, bile, and 
ascitic fluids. 


Indications: Keflin is indicated for the 
treatment of serious infections caused 
by susceptible strains of the designated 
micro-organisms in the diseases listed 
below. 


Respiratory tract infections caused 
by Diplococcus pneumoniae, 
staphylococci (penicillinase and 
nonpenicillinase-producing), group 
A beta-hemolytic streptococci, 
Klebsiella, and Hemophilus influ- 
enzae 


Skin and soft-tissue infections, in- 
cluding peritonitis, caused by 
staphylococci (penicillinase and 
nonpenicillinase-producing), 
group A beta-hemolytic strepto- 
cocci, Escherichia coli, Proteus 
mirabilis, and Klebsiella 


Genito-urinary tract infections caused 
by Esch. coli, Pr. mirabilis, and 
Klebsiella 


Septicemia, including endocarditis, 
caused by D. pneumoniae, staph- 
ylococci (penicillinase and non- 
penicillinase-producing), group A 
beta-hemolytic streptococci, 


Streptococcus viridans, Esch. coli, — 


Pr. mirabilis, and Klebsiella 


Gastro-intestinal infections caused 
by Salmonella and Shigella species 


Meningitis caused by D. pneumoniae, 
groupA beta-hemolytic strepto- 
cocci, and staphylococci (penicil- 
linase and nonpenicillinase-pro- 
ducing) 

Bone and joint infections caused by 
Staphylococci (penicillinase and 
nonpenicillinase-producing) 


Cortraindication: Previous hypersensi- 
tivity to cephalosporins. 


Wasnings: BEFORE CEPHALOTHIN THER- 
APY IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVI- 
OUS HYPERSENSITIVITY REACTIONS TO 
CEPHALOSPORINS AND PENICILLIN. 
CEPHALOSPORIN C DERIVATIVES SHOULD 
BE GIVEN CAUTIOUSLY IN PENICILLIN- 
SENSITIVE PATIENTS. 

SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

There is some evidence of partial 
cross-allergenicity of the penicillins and 
the cephalosporins. Severe anaphylac- 
toid “eactions have been reported with 
both drugs. 

Patients with allergy and hypersensi- 
tivity should receive antibiotics cau- 
tious and only when necessary. 

Usage in Pregnancy—Safety for use 
during pregnancy has not been estab- 
lishec. 


Precautions: Patients should be fol- 
lowec carefully to detect any side- 
effects or drug idiosyncrasy. If an al- 
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lergic reaction occurs, discontinue the 
drug and treat the patient with usual 
agents. 

Although alteration in kidney func- 
tion is rare, evaluation of renal status 
is recommended. Patients with im- 
paired renal function should be placed 
on a reduced dosage schedule to pre- 
vent excessive serum concentrations. 
Consult prescribing information. 

If thrombophlebitis or superinfection 
occurs, take appropriate measures. A 
false-positive reaction for glucose in the 
urine has been observed with some 
tests but not with Tes-Tape® (urine 
Sugar analysis paper, Lilly). 


Adverse Reactions: Maculopapular rash, 
urticaria, pain, induration, tenderness, 
elevation of temperature, reactions re- 
sembling serum sickness, anaphylaxis, 
eosinophilia, drug fever, neutropenia, 
thrombocytopenia, hemolytic anemia, 
thrombophlebitis, transient rise in 
SGOT and alkaline phosphatase, rise in 
BUN, decreased creatinine clearance, 
and a positive direct Coombs test have 
been reported. [071873] 
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Keflin I.V. 
sodium cephalothin 


2 Gm* in 100-ml. ampoule 
*equivalent to cephalothin 
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Additional information 
available to the 
profession on request. 


Eli Lilly and Company 
, Indianapolis, Indiana 46206 
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Keflin I.V. 


sodium cephalothin 


2 Gm. *in 100-ml. ampoule 


1O years of 


diinical 
experience 


Keflin was made available for 
clinical investigation early in 1962 and 
was marketed on September 4, 1964. 
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Conversion of Hydrocortisone to Estrogen in Carcinoma of 
the Breast After Oophorectomy and Adrenalectomy 


Í ieee SOURCE OF estrogen produced despite ablative 
endocrine surgery in patients with metastatic car- 
cinoma of the breast has been a major concern. It has 
been shown that estrogen production may follow re- 
moval of the ovaries“and adrenal glands, and + has been 


suggested that maintenance doses of adr2nocortical 





hormones may be involved.? 

-The present study is the first report of the conversion 
of hydrocortisone to an estrogen in a patient with met- 
astatic carcinoma of the breast following bilateral 
oophorectomy and adrenalectomy. 


Case Report 


S. C. A 52-year-old childless woman underwent -adical mas- 
tectomy for carcinoma of the breast in August 1968. Microscopic 
examination revealed the tumor to be an infiltrating Juctal carci- 
noma with lymph nodes containing metastatic tumo- at levels I 
and II of the axilla. In October 1989, tumor recurrence was 
demonstrated on the lumbar vertebrae. She was created with 
local irradiation. Progression of the disease continued, and in 
November 1970, bilateral: oophorectomy and adrenalectomy were 
performed. In December 1970, with the patient on hydrocortisone 
replacement therapy, the present study was conducted. The patient 
died in April 1972, as a result of the metastatic disease. The 
postmortem examination revealed metastatic carcinoma involv- 
ing the liver, gallbladder, spleen, vertebrae, dura and lungs. There 


` was no residual ovarian or adrenal tissue. 


- Submitted for publication April 17, 1973. 
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Study and Results 


Approximately 1 month after removal of the ovaries 
and adrenal glands, the patient consented to our study 
to determine if maintenance hydrocortisone was being 
converted to an estrogen. The study was conducted 
as follows: Five microcuries of 4-'*C-hydrocortisone 
were administered to the patient. Three successive 
24-hour urine specimens were collected and immedi- 
ately frozen. 

The steroid conjugates were extracted from the urine. 
hydrolyzed, and the free steroids were removed by sol. 
vent extraction. The estrogen fraction of the urine was 
separated by sodium hydroxide extraction and puri 
fied by counter-current distribution. The extractec 
estrogen fraction was analyzed by paper chromatogra. 
phy, thin-layer chromatography, and gas chromatog. 
raphy-mass spectrometry. 

These procedures established the fact that the ad. 
ministered 4-"*C-hydrocortisone was converted to 116: 
hydroxyestradiol which possesses estrogenic activity anc 
which might have influenced the course of this patient’: 
metastatic carcinoma of the breast. Other metabolit 
products of hydrocortisone isolated in the course oj 


this study included cortol, urocortisol, and cortolone.* 


° The details regarding the analytical procedures are bein; 
published separately. 
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HYDROCORTISONE 11B - HYDROXYESTRADICL 


Fic. 1. Conversion of hydrocortisone to 118-hydroxyestradbL 


Discussion 


The data presented in this paper provide evidence 
that hydrocortisone can be converted to an 11-oxygen- 
ated estrogen since 118-hydroxyestradiol was identafed 
in the urine of a female patient with mammary cancer 
who had undergone ‘bilateral oophorectomy and adzen- 
alectomy. It was noted that the identified 118-hydroxy- 
estradiol was radioactive and therefore a metabolite of 
the labelled substrate 4-4C-hydrocortisone that was 
administered. Retention of the 1l-hydroxy functior of 
the original substrate tends to support this concluscn. 
The identified conversion product represented app-cx- 
imately 5% of the radioactivity in the extracts, or -ap- 
proximately 0.7% of the total administered radioactivity. 

This finding demonstrates for the first time the di- 
rect conversion of hydrocortisone to an estrogen (=:g. 
1) in such patients. 


This conversion was not observed by West et æ 


(1958) after injection of large quantities of hydroccrti- 


sone into a castrated, adrenalectomized, and hyporhy-— 


‘sectomized subject. Sandberg’ et alt (1958) also re- 
ported no increase in urinary estrogens acter 
administering hydrocortisone to castrated femele 
subjects. Chang and Dao? (1961) were unable to 
characterize an estrogen metabolite after administra~ion 
of hydrocortisone to a similar patient. After admia-s- 
tration of cortisone acetate, however, the latter worEers 
were able to demonstrate estrogen formation. Since tre 
latter products contained the 118-hydroxy functicral 
group and the original substrate cortisone ace-ate 
contained an 1l-keto group, it is quite likely that the 
cortisone acetate was metabolized first to a hydm- 
cortisone-like metabolite. Such an interconversion te- 
tween cortisone and hydrocortisone has been observed 
by numerous investigators (Dorfman & Unger 1965). 


STONESIFER, LCWE, CAMERON AND GANIS 


Ann. Surg. + Nov. 1973 


This conversion of hydrocortisone to 1l-oxygenated 
estrogen after oophorectomy and adrenalectomy in pa- 
tients with estrogen dependent carcinoma of the breast 
may be related to the progression of such neoplasms. 
Although the effects of the 118-hydroxyestradiol on 
mammary cancer cannot. be assessed, the compound 
does possess estrogenic activity (Upjohn Co. 1963).5 
Metabolic transformation of adrenocortical and andro- 
genic hormones by peripheral tissues may be signifi- 
cant in the course of mammary cancer therapy since the 
purpose of ablative surgery is to eliminate endocrine 
function. Such conversion of circulating hormones and 
hormones used in adrenal replacement therapy to 
estrogens by extra-endocrine tissue could affect the 
mammary malignancies in these patients. This may be 
especially so if one considers the fact that even small 
conversions may become physiologically significant when 
pharmacological doses are administered for mainten- 
ance. In view of the significance associated with the 
hormonal environment of these tissues, the site of con- 
version and the mechanisms involved are worthy of .- 
further investigation. 
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The Role of Erythropoietin in the 


Anemia of Thermal Injury 


HOWARD ROBINSON, M.D., WILLIAM W. MONAFO, M.D.,-F.A.C.S., 
SHIRLEY M. SAVER, B.S. NEIL I. GALLAGHER, M.D., F.A.CS. 


E XTENSIVE THERMAL INJURY in man regularly results 


in a severe refractory anemia that persists until 


.. wound closure is complete. Blood transfusion is the only 
effective therapy and frequently is necessary in the 


burned patient. Possible contributing causes tor anemia 
include both immediate hemolysis of heet-damaged 
erythrocytes and delayed hemolysis of cels injured 
during the original insult. Nutritional deficits, negative 
nitrogen balance and severe loss of lean body mass 


- are common in burned patients and may coatribute to 


anemia. Significant hemorrhage also occurs due to di- 


‘agnostic phlebotomies, dréssing changes and debride- 


ments or skin grafting protedures and—at times—due 

to gastroduodenal ulcerati6n-.(Curling’s ulcer).*1%25.27 
Any reduction in ery#irocyte. mass. related to such 

diverse causes would ordinarily be attended by a 


compensatory increasé..in. marrow erythropoiesis . and. 
red blood cell production, but. in patients. with large. 


burns, reticulocytosis: characteristically does. not occur 
and typically, the* patient fails to repair: tte anemia. 
Serum iron and:iron-binding concentrations are low, 
despite the administration of preparations such as oral 
or parenteral “iron. Cyanocobalamine, folate, ascorbic 


acid and other vitamins and vigorous nutritional sup- 
: port are also ineffective. Iron uptake by the bone mar- 
row is diminished and hemoglobin synthesis decreased, 

- although the longevity of newly-made erythrocytes is 
apparently normal.+415,22 


An investigation of the pathogenesis of the aregenera- 
tive phase of burn anemia seemed worthy and im- 
portant. Previous studies of the anemias of infammation 
and of chronic renal disease had demonstrazed an in- 
appropriately low production of erythropoietin to be 
an important pathogenetic factor.1%*% To determine 
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whether the aregenerative' component of the anemia of 
burned patients was also due to a lack of erythropoietin 
stimulus, urinary erythropoietin activity (UEpA) of 
anemic and non-anemic burned patients was measured 
using a standard bioassay. The data suggest that, de- 
spite profound and. prolonged anemia, the urine of 
severely burned patients—and: that of elderly or other:. 


wise ill patients:*with less extensive burns—fails~- to 


show an increase in“UEpA- which would indicate. an-~ 
appropriate enhanced compensatory production of the 
hormone: This finding: may account. for the. persistent 
reticulocytopenia ‘of severely anemic burned patients.. - 


Materials and Methods 


Nineteen patients with flame burns were studied. 
Six patients were 16 years of age or less; the 13 adults 
ranged between 18 and 75 years, The subjects were 
selected for study from sequential admissions to a burn 
unit; all had a-burn index? of at least 10. Tables 1A 
and 1B display the salient aspects of the course and 
management of the patients. Resuscitation from shock 
and wound care and closure were carried out as de- 
scribed in detail elsewhere.” 

High protein diets, fortified with B-vitamins, folate 
and ascorbic acid were given to all patients, as was oral 
ferrous sulfate or ferrous gluconate. No patient received 





° Burn index: 1 unit for each per cent body surface area full 
thickness burn. # unit for each per cent body surface area 2nd 
degree burn. 
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parenteral iron. Nasogastric tube feedings or intra- 
venous hyperalimentation were administered for varw- 
. ing periods to some of these patients as part of their 
supportive treatment. Anemic patients were transfused 
periodically with sedimented erythrocytes in amouncs 
sufficient to maintain the hematocrit value at apprexi- 
mately 30 vol.% 


Erythropoietin Bioassay 


Erythropoietin bioassays were performed on 24-hour 
urines collected at intervals following hospitalizatin. 
Ten of the 19 patients had at least two determinaticns, 
whereas, the others had a single random collection. Cn 
the day the urine was collected, blood was also drewn 
for complete blood count, reticulocyte count, serum 
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iron and iron binding protein, creatinine and urea. Lab- 
oratory results are listed in Tables 1A and 1B. Urine 
was collected during the entire designated 24-hour pe- 
riod and each voided specimen was frozen immediately. 
The samples were stored at —20°C until prepared for 
assay. After thawing and mixing, the urine was dialyzed 
against running tap water for 24 hours at 4°C. A second 
dialysis for 24 hours was against distilled water at 4°C. 
Then the total 24-hour urine was dried by lyophyliza- 
tion and reconstituted in a volume of 100 ml with 0.9% 
saline so that one ml of concentrate represented 1% of 
the total sample. 

Erythropoietin bioassay was a modification of the 
method described by Cotes and Bangham.*® Six-week- 
old virgin CF#1 female mice weighing 20-28 Gm. 


TABLE 1A. Summary of Clinical and Labo-ctory Findings in Patients with Burn Index 30 or Less 


Clinical Observations Laboratory Profile 
Í 2 
Sex/ % 6 7 
Age BSA burn/ Topical 4 Complica- Past 5 Het 6 6 SI/ 8 9 
Patient (years) BI Therapy Blood tions History Outcome PBD Hb WBC RET TIBC Creat UEP 
M/ 20/ 3 36.4/ 20/ 
TL 9 10 AgNO; 0 0 3 12.9 12,700 1.9 210 0.7 15.31 
38.6/ 50/ 
11 13.1 10400 4.1 315 0.6 13.84 
Home 42.3 127/ 
day 11 17 13.9 6400 4.1 381 0.6 8.27 
M/ 20/ 36.2/ 45/ 
DP 14 12 AgNO; 0 0 Home 19 12.3 6100 2.7 285 9.65 
day 21 
M/ 20/ 40.2 30/ 
ER 41 15 AgNO; 0 0 Home 13 13.7 9100 1.8 195 13.41 
day 21 
M/ 44/ 44.8 20/ 
RL 16 15 AgNO; 0 0 3 14.4 7,900 1.8 150 0.4 30.76 
i 37:7/ 457 
11 12.3 13,800 4.0 174 0.8 28.10 
40.3 48/ 
Home 17 13.0 13,600 4.0 300 0.7 20.91 
day 22 
M/ 30/ 35.:5/ 15/ 
WL 12 20 AgNO; 0 0 3 12.0 9800 3.6 165 0.9 18.29 
33.1/ 53/ 
11 11.0 7,900 3.8 225 0.7 33.11 
35.0 40/ 
17 11.7 9,700 6.3 309 0.6 19.18 
Home 
day 3C 36.4/ 45/ 
31 12.1 6,600 5.0 333 0.6 14.29 
F/ 23/ 30.3/ 43/ 
AM 40 20 AgNO; 2 Coma, Gonvulsive Home 25 9.5 8,100 2.5 105 0.8 14.71 
Garamycin deep, vein d sorder day 4¢ 
thrombosis 
M/ 45/ . 32.3/ 25/ 
LK 38 22 AgNO; 0 Thrombo- 13 10.7 9900 2.4 135 0.9 27.42 
phlebitis, Home 
pulmonary day 41 
embolus 
M/ 30/ 34.0/ 35/ 
WE 34 23 AgNO; 0 0 Home 20 11.3 13,900 2.0 186 11.86 
M/ 27/ day 24 36.2/ 18/ 
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TABLE 1A. (continued) 
Clinical Observations Laboratory Profile 
1 2 
Sex/ % 6 7 
Age BSA burn/ Topical 4 Cemplica- Past 5 Het 6 6 SI/ 8 9 
Patient (years) BI Therapy Blood tions History Outcome PBD Hb WBC RET TIBC Creat UEP 
RE 64 20 AgNO; 11 Sepsis, Alcoholism, 5 11.6 5000 0.6 129 1.2 7.79 
anovexia persistent 
cancer oral 31.0 25/ 
cavity 11 10.2 9,600 2.5 150 1.1 10.07 
27 .6/ 10/ 
19 8.9 14900 2.3 125 1.4 0.86 
28.7/ 25/ 
26 9.6 13,000 1.8 135 1.7 5.42 
28 .2/ 12/ 
34 90 12,200 3.5 105 1.0 0.89 
Died 28.4 51/ 
day 64 60 8.3 11,400 0.7 228 3.4 10.09 
F/ 35/ 36.1/ 40/ 
CW 18 30 AgNO: 4 Pneumonia Home 36 12.5 8800 2.5 249 6.59 


day 41 





. E = Female. M = Male 


. %BSA = Percentage body surface area burn. BE = Burn Index 


. AgNO; = 0.5% Aqueous Silver Nitrate Solution 


. Blood = Number of 250 ml units of sedimented erythrocytes transfus2 


. Het = Hematocrit (vol %). Hb = Gm percent hemoglobin. WBC = Peripheral white blood count (mm?). RET = Reticulocyte count 


(mm). 


. SI = Serum Iron (mg./100 ml.). TIBC = Total Iron Binding Capacity (mg./100 ml.) 


i 

2 

3 

4 

5. PBD = Post Burn Day 

6 

7 

8. Creat = Serum creatinine (mg./100 ml.) 
9 


. UEP = Units Erythropoietin activity (normal range 6 to 12 units) 


were maintained on a diet of Purina Laboratory Chow 
with tap water allowed ad libitum. Erythrocytosis 
resulted from exposure to discontinuous hypobaric- 
hypoxia (0.5 atmosphere from 4 p.m. to 8 <.m. daily) 
for 2 weeks, after which the hypoxic stimulus was with- 
drawn. The assay was conducted during the next 6 days 
following cessation of hypoxia, with the animals at 
ambient pressure. One cc. portions of the reconstituted, 


lyophylized urine were injected intraperitoneally twice 


daily on third and fourth post-hypoxia days. This 
represented 4% of the total 24-hour collection in- 
jected per mouse. On the fifth posthypoxic Jay and 2 
days following the initial injection of the test urine, 0.2 
uc Fe5®/0.2 uc Fe5® citrate were administered intra- 
venously via the tail vein, and the 48-hour red blood 
cell radioiron incorporation determined.!® Baseline 
values were obtained from animals injected with nor- 
mal saline. Urine from normal subjects presared and 
assayed in exactly the same manner was usec as a con- 
trol. 


Results 


It is not purposeful to attempt to examine in depth 
the clinical management of individual patents, al- 
though it is pertinent that all were treated by the same 
experienced team of physicians and nurses. Tables 1A 


and 1B provice a general overview of the problems en- 
countered, detail the severity of the anemias observed 
and list the pertinent associated laboratory data. Of the 
19 patients, 10 had burn indexes of 30 or less; in 7 of 
these, the convalescence was essentially uncomplicated, 
although it lasted 3 or more weeks. One patient had a 
documented episode of thromboembolism for which 
he was treated by anticoagulation with heparin for sev- 
eral weeks without complications. Anemia was mild in 
these patients and blood transfusions were not admin- 
istered. In patients AM, RE and CW, although the 
burns were relatively small, convalescence was longer 
and more complicated; a more severe anemia occurred 
that required blood transfusion. One of these patients 
(RE), an elderly alcoholic with post-irradiation per- 
sistent carcinoma of the oral cavity that impaired his 
ability to eat, eventually died of sepsis. 

The clinical picture in the nine patients with larger 
burns contrasts strikingly with that seen in most of 
those with smaller burns (Tables 1A and 1B). When 
the burn index was greater than 30, complications were 
far more common, hospitalization was prolonged and 
the mortality was high. Three of these patients died. 
Significant anemia occurred quickly and_ persisted. 
Multiple blood transfusions were necessary 
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TABLE 1B. Summary of Clinical and Laboraters Findings in Patients with Burn Index Greater than 30 


Laboratory Profile 





l 2 
Sex/ % 6 7 
Age BSA burn/ Topical 4 Complica- Past 5 Het 6 6 SI/ 8 9 . 
Patient (years) BI Therapy Blood tions History Outcome PBD Hb WBC RET TIBC Creat UEP 
F/ 40/ 3 Sepsis, 40.3 35/ 
LH 68 40 AgNO; 27 anorexia, &troke 3 13.4 8900 1.0 105 0.9 12.28 
Diabetes 
mellitus 32.3/ 22/ 
10 10.4 8600 2.5 135 0.8 6.31 
30.7/ 20/ 
18 9.8 8,600 3.7 120 0.8 2.30 
31.4/ 18/ 
25 10.4 11,000 3.5 105 0.8 0.84 
30.5/ 17/ 
33 9.8 7,800 5.2 iii 0.8 1.67 
29.7/ 27/ 
59 9.6 5,200 1.4 135 1.4 13.35 
17.8/ v  32/ 
67 6.1 5,800 3.0 159 0.9 12.63 
29 .2/ ~ 20/ 
74 9.6 5,700 3.7 114 0.7 11.80 
30.4/ 40/ 
gi 9.9 6,400 1.4 135 0.8 3.16 
Home 
day 124 32.0/ 40/ 
88 10.5 7,200 0.9 141 0.9 15.24 
F/ 50/ 30.1/ 20/ 
SS 50 40 AgNO, 11 Septicemia, d abetes 50 9.9 5,400 1.6 135 10.60 
Hyperos- melitus, Home 
Mafenide molar opesity day 54 
coma 
M/ 64/ AgNO; 32.4/ 25/ 
RS 16 40 Mafenide 11 Amputation 0 16 11.2 13,400 4.0 165 5.7 
Garamycin ` right forearm 
digits left Home 32.2/ 17/ 
hand day 62 25 11.6 12,800 2.1 135 5:33 
M/ 60/ 45.4/ 27/ 
WW 31 40 AgNO; 4 Paranoid Fav-anoid 2 16.3 4,000 0.8 150 1.2 28.85 
schizophre- sshizophre- 
nia nia 28.7/ 15/ 
14 10.0 11,300 1.5 114 0.7 3.32 
31.7/ 25/ 
21 10.7 11,500 4.6 138 0.7 4.57 
29.5/ 35/ 
32 9.6 5,100 3.8 150 0.9 7.52 
32.3/ 35/ - 
42 11.1 4,800 1.4 165 0.9 6.23 
Home 33.5/ 40/ 
day 61 51 10.9 6800 5.3 304 0.8 7.67 
F/ 64/ 27.7/ 25/ 
LAH 4 40 AgNO; 10 Diabetes 0 Home 22 9.0 2.2 114 3.00 
mellitus day 79 
F/ 66/ l 39.7/ 
HI 75 40 AgNO; 0 Adrenal Clolecystec- 2 12.9 9,800 1.7 1.8 27.52 
hemorrhage, tomy, 
nephroscle- pklebitis Died 
rosis, day 2 
gastric ulcer 
F/ 60/ 32.1/ 15/ 
CS 63 45 AgNO; 7 Sepsis, Alkoholism, 22 10.6 6,100 1.3 95 0.9 1.57 
renal fail- cirrhosis, 
ure, gastritis Died 30.7/ 17/ 
amputation day 31 29 10.6 8600 2.3 135 3.0 1.72 


great toe 
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TABLE 1B. (continued) 
Clinical Observations Laboratory Profile 
i 1 2 
Sex/ % 6 7 
x Age BSA burn/ Topical 4 Complica- Past 5 Het 6 6 SI/ 8 9 
Patient (years) BI Therapy Blood tions History Outcome PBD Hb WBC RET TIBC Creat UEP 
M/ 65/ 38.1/ 25/ 
JR 55 45 AgNO; 20 Be-ow knee Obliterative 2 12.9 8500 1.8 129 1.9 25.13 
amputa- arteriosclerosis 
tion, of lower 29.7/ 15/ 
anorexia, extremities 9 9.7 27,300 2.4 150 1.4 18.95 
toxic 
celerium 
33.3/ 13/ 
23 10.6 10,600 1.6 134 1.5 2.31 
28.0/ 20/ 
31 3.9 9,200 1.8 144 4.6 7.61 
30.0/ 25/ 
38 10.0 8800 1.2 175 1.8 1.81 
=. 30.1/ iT 
T 46 9.7 5,500 2.4 120 1.8 1.56 
28.6/ 24/ 
72 9.2 10,700 4.2 310 0.8 11.28 
33.8/ 67/ 
80 10.9 8800 1.0 219 0.7 5.25 
32:7/ 45/ 
89 10.4 10,300 1.8 210 0.6 3.99 
32 :5/ 35/ 
95 10.4 7,100 3.2 210 0.7 4.81 
Home © 34.2/ 45/ 
day 122 102 10.9 8,300 1.8 219 0.8 3.32 
F/ 72/ 
EL 46 71 AgNO; 10 Pneumon- subtotal 31.4/ 35/ 
l itis, gastrectomy 4 10.9 12,200 14.1 195 2.5 1.07 
invasive for ulcer 
sepsis Died 30 .9/ 22/ 
day 21 12 10.3 9,800 4.7 189 4.1 5.43 
1. F = Female. M = Male 
2. %BSA = Percentage body surface area burn. BI = Burn Index 
3. AgNO; = 0.5% Aqueous Silver Nitrate Solution 
4. Blood = Number of 250 ml units of sedimented erythrocytes transfused 
5. PBD = Post Burn Day 
6. Hct = Hematocrit (vol %). Hb = Gm percent hemoglobin. WBC = Peripheral white blood count (mm?). RET = Reticulocyte count 
(mm?) 
7. SI = Serum Iron (mg:/100 ml.). TIBC = Total Iron Binding Capacity (mg./100 ml.) 
8. Creat = Serum creatinine 
9. UEP = Units Erythropoietin activity (normal range 6 to 12 units) 


Urinary Erythropoietin Activity (UEpA) 


In Figure 1 all the assay results obtained are dis- 
played on a temporal scale. In the assay, radioiron 
incorporation by the murine erythrocyte is Cirectly pro- 
portional to the erythropoietic activity of the test sam- 
ple. The seven urines assayed during the first 3 days 

j.  post-bum showed UEpA above the normai range ir- 
C respective of the size and depths of burn. 

Subsequently, in patients with large burns (burn in- 

dex greater than 30), all of whom developec significant 


anemia, UEpA consistently fell to subnormal levels 
which persisted until wound closure was complete or 
nearly so. Fig. 2 indicates the temporal changes in 
UEpA in three individual patients with large burns. 

With a single exception, the elderly and debilitated 
RE (Fig. 3), the levels of UEpA observed in those 
patients with small injuries (burn index 30 or less) 
were appropriate to the anemia that was observed; that 
is, UEpA was normal, or elevated. Figure 3 is a com- ` 
pilation of the sequential changes in UEpA, that were 
observed in those patients with smaller burns in whom 
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serial assays. were obtained. These patients tended to 
have a mild, self-limited anemia. 


Discussion 


There is substantial evidence that burned patieats 
become anemic for a variety of reasons. The importarce 
of enhanced blood loss due to immediate or delayed 
hemolysis, bleeding from necessary surgical trauma ani 
debridement or for multiple diagnostic phlebotomies. ‘s 
clear. Additional mechanisms, alone or in combinations, 
which are associated with anemia in other clinical situe- 
tions also obtain, including major impairment of renel 
function, bacterial infection of greater or lesser sevər- 
ity, both on the wound or elsewhere, and varying de- 
grees of nutritional deficit. The aregenerative compor- 
ent of the prolonged, refractory anemia in burn patients 
may be related to such factors. The role of eryth-c- 
poietin has not been explored previously; our data 
indicate that disordered production of this horme 
exists in anemic patients with severe burns. 

The patients with large burns that were studied failed 
to demonstrate appropriate levels of UEpA during ther 
convalescence, once the shock phase had passed. A few 
debilitated, chronically ill or elderly patients with 
smaller burns responded similarly. On the other hand, 
previously healthy patients with smaller burns re- 
sponded to thermal injury with an appropriate increase 
in UEpA that persisted until their mild anemia had 
disappeared. 

It is known that the kidney either produces cr 
activates erythropoietin and that significant renal dys- 
function is almost universally associated with a mod- 
erate normocytic-normochromic anemia, aregenerative 
in character that is related to erythropoietin lack.® Al- 
though transitory renal dysfunction was documented 
in a few patients (Tables 1A and 1B), the persistert-y 
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Fic. 2. Levels of urinary erythropoietin activity observed in three 
severely burned patients. All patients had significant anemia 
(Table 1B). The UEpA is consistently inappropriately low. 


%48 Hour Fe? RBC Uptake 


low erythropoietin activity observed cannot be reason- 
ably explained by clinically manifest renal dysfunction. 

As a corollary of the foregoing, the elevated values of 
UEpA observed during the shock phase are of interest. 
They may represent a renal response to hypoxia. Di- 
minished tissue perfusion and oxygenation are com- 
mon early after thermal injury, and renal hypoxia is a 


a | 
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major stimulus to erythropoietin or erythropoietin ac- 
tivator production.!+!3 Another possible explanation for 
the early rise in UEpA is the presence of circulating 
products of intravascular hemolysates, which have been 


' shown to stimulate erythropoietin release." 


At the moment of injury, intravascular hemolysis 
often occurs and not infrequently results in gross hem- 
oglobinemia and hemoglobinuria. But others have dem- 
onstrated that acute hemolysis rarely accourts for more 
than 10-15% of the pre-burn erythrocyte mass and is 
in general limited to the acute post-burn phase, so that 
this mechanism seems inadequate, by itself to explain 
the severity and the chronicity of the anem_a regularly 
observed—even when consideration is given to delayed 
hemolysis of erythrocytes subjected to submeximal ther- 
mal injury and hemolysis due to resolution of the in- 
travascular thrombi that always occur in deep burns.® 

Bacterial sepsis originating on or in the wounds is an 
important cause of death from burns. Bacterl coloniza- 
tion of extensive burn wounds occurs regularly, although 
modern treatment methods usually either delay the in- 
terval between injury and colonization or, failing that, 
minimize the density of the wound flora that sooner or 
later appears. There results a homogeneous, bacterial 
population that not uncommonly consists of one or two 
bacterial species even though 50 to 90 days may elapse 
before permanent wound closure has been achieved. It 
has been shown repeatedly that wound bacterial den- 
sities average 10%-10° organisms/Gm. of eschar in 
large wounds that nevertheless heal readily. Bacterial 
densities increase by 100-fold or more when massive 
necrotizing sepsis occurs. Since the open wound often 
measures 10,000 cm? or more, it is clear thaz infection, 
although sublethal and controllable, is a significant fac- 
tor in severely burned patients. A relationship between 
infection and anemia is known.’ Suppurative infections 
of more than a few weeks’ duration result in an anemia 
that resembles that seen in burns. As in bumn anemia, 
the anemia of chronic infection is hypochronic or nor- 
mochromic and is characteristically associated with low 


_plasma iron; both unbound and iron-carrying trans- 


ferrin are depressed and the anemia is retractory to 
iron administration. It has been suggested tkat true or 
functional hypoferremia, since it is the rate limiting 
factor in hemoglobin synthesis, is the primary cause of 
the apparently inadequate response of the >cne mar- 
row in the anemia of chronic infection, althaugh it has 
been shown that erythropoietin secretion is act appro- 
priately stimulated in patients with chronic infec- 
tion. *°2° Since most of our severly anemic patients 
who demonstrated inappropriately low EUpA also had 
wounds that harbored bacteria, and since none of the 
patients with smaller, more nearly sterile burns and 
mild anemia demonstrated inappropriately low UEpA, 
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Fic. 3. Levels of urinary erythropoietin activity observed in four 
patients with less severe burns. Except for patient RE, who was 
elderly and debilitated, UEpA is appropriate and commensurate 
with the severity of the anemia (Table 1A). 
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the possibility exists that chronic bacterial infection is 
indeed the major cause of the aregenerative anemia 
seen in patients with large burns. Review of our data 
however, does not disclose a regular inverse relation- 
ship between the severity of clinical infection and UEpA, 
suggesting that bacterial infection alone may be an in- 
adequate explanation or that inflammation itself may 
be causative, as inflammatory processes may by them- 
selves produce an aregenerative anemia in which 
UEpA is low.®” In patient WW, for example, whose 
burn covered 9,600 cm?, 20 of 22 quantitative wound 
cultures were sterile but UEpA was depressed for 40 
days (Fig. 2). 

The major wound antiseptic employed in all our pa- 
tients was topical 0.5% silver nitrate solution. When 
silver nitrate solution is topically applied only trace 
amounts of silver are absorbed. The metal has no known 
toxicity when it is ingested or absorbed aside from dis- 
coloration of the tissues. The magnitude of nitrate ab- 
sorption under ordinary circumstances is unknown. The 
only complication of topical silver nitrate therapy that 
directly affects the hematopoietic system is methemo- 
globinemia. Certain strains of bacteria will reduce 
nitrate to nitrite, which, when subsequently absorbed 
through the wound, can convert oxyhemoglobin to 
methemoglobin.*° This complication has been reported 
rarely and was not observed in any of the patients in 
this study. 

Our data dc not exclude the possibility that the urine 
of severely burned patients contains a substance that 
interferes with the bioassay of erythropoietin. Such a 
protein has been demonstrated in some normal patients 
and in patients with polycythemia vera or chronic ranel 
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failure,7.18.24 We are presently examining the urine of 
burned patients for the presence of inhibitory substances 


Conclusion 


We conclude that a state of erythropoietin deficiercy 
likely exists in anemic, severely burned man and may 
largely explain the aregenerative component of the ane- 
mia of thermal injury. 
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Pathogenesis of “Transplant Lung”: 


l. Interstitial Pulmonary Edema 


VICTOR M. URANGA, M.D., RICHARD L. SIMMONS, M.D.,* 
CARL M. KJELLSTRAND, M.D., THEODORE J. BUSELMEIER, M.D., 


ad ra LUNG is a vaguely definee syndrome 
of pulmonary insufficiency that occurs after renal 
allotransplantation. “Transplantation pneumonia” was 
originally described by Rifkind in 1964,1! but subse- 
quent reports adopted the term “transplant ung” since 
it did not necessarily suggest an infectious etiology.18.19 
Episodes of transplant lung frequently follow a rejection 
crisis or a reduction in the dosage of prednisone.’ The 
clinical picture is characterized by fever,#=®11:18 pul- 
monary infiltrates,*:11.18.18 and arterial hypoxemia.#:511-18 
A variety of infecting agents and pathologic changes 
have been found at post-mortem examination. -:*:4:8:11,18,19 
We have recently reviewed the clinical patterns of pul- 
monary complications seen after renal transplantation 
which might have been previously characterized as 
“transplant lung”: (a) pulmonary edema, (b) interstitial 
viral pneumonia, (c) bacterial pneumonia, `d) fungal 
pneumonia, (e) pneumocystis carinii, and (f) pulmonary 
embolus.!® 
The present report documents the clinical pattern 
and predisposing causes of interstitial pulmorary edema 
in 13 patients after renal transplantation. Sx of these 
13 patients had clinical courses consistent with those 
described by most investigators as “transplant lung.” 
Since pulmonary edema is easily controlled in these 
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patients, it is important not to assign complex diagnoses 
to simple diseases. 


Materials and Methods 


Two hundred and eighty-four kidney transplants were 
performed on 253 patients at the University of Min- 
nesota between August 1, 1967, and May 31, 1972. 
None of the patients were lost to follow-up. Our pro- 
cedures for the selection of donors and recipients, the 
technics of transplantation and the standard immuno- 
suppressive regimen have been previously described.' 
The records and chest roentgenograms of every patient 
were reviewed in detail with emphasis on the quantita- 
tive information available on flow sheets maintained on 
each patient. 


Results 


Table 1 lists 13 patients who developed 15 episodes 
of interstitial or frank pulmonary edema post-transplan- 
tation. The pulmonary roentgenograms of these patients 
demonstrated diffuse pulmonary infiltrates with promi- 
nent hilar or basilar markings (Figs. 1-4) and enlargement 
of the cardiac shadow. Their symptoms were charac- 
terized by dyspnea or even frank frothy pulmonary 
edema. Physical findings ranged from bilateral basilar 
rales to full pulmonary congestion. Arterial blood gases, 
when obtained, uniformly revealed hypoxemia (Ta- 
ble 1). 

In every patient except one (Case 12) the episode 
occurred in the first few months after transplantation. 
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Fic. 1. Pulmonary edema after transplantation to patient 9: Fig. la 
demonstrates immediate post-transplant X-ray with a small heart 
and clear lung. (b) Bilateral hilar and diffuse infiltrates associated 
with hypertension, weight gain, and renal malfunction appea-ed 
on the 5th post-transplant day. (c) Diuresis improved this picture 
and resumption of normal renal function. (d) led to further 
improvement. 
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TABLE 1. Pulmonary edema after Renal Transplantation 
Time after Arterial %G Blood 
Transplant Po» Temperature Serum Weight Pressure 
Case Age Sex Donor* (days) (mm.Hg) (F3 Creatinine Gain (mm.Hg) Comments 
1 56 M R 34 — 103.6 1.7 11 215/115 Died 635 days, cerebro-vascular accident. 
2a 52 F © 48 — 100.2 1.9 2 190/100 Rejected 1st transplant: Well after 2nd 
b 55 48 98.8 4.6 10 150,/90 transplant—l year. 
g 39 F L 4 14 99.4 8.8 15 175/95 Well 4 months: Steroid diabetes 
4 39 M R 2 73 99.5 1.8 7 180/120 Diabetic. Well 3 months. 
5 38 F R 28 51 102.4 2.2 14 190/110 Diabetic. Died 38 days with pulmonary 
edema and myocardial infarction. 
6 36 F R 1 — 103.8 8.8 20 180/120 Well 22 months. 
7 34 M (; 0 50 99.8 3.7 14 160/110 Fabry’s disease. Well 3 months 
8 34 F Cs 4 — 99.6 2.8 12 200/100 Well 23 months: Steroid diabetes 
9 33 F R 4 — 100.7 32 20 205/105 Diabetic. Well 4 months. 
10 20 F R 5 35 101.0 3.6 5 180/100 Well 18 months. 
lila 11 F R 26 — 104.0 2.0 2I 170/140 Well 18 months. 
b 59 59 99.4 1.8 16 150/110 
12 10 F R es, o- 99.6 2,6 19 195/130 Died 16 months of viral and bacterial 
pneumonia 
13 4 M R 15 — 103.4 2.1 23 230/140 Rejected 1st transplant. Well 12 months 
after 2nd transplant. 
*R = Relative 
C = Cadaver 


Ten of the 15 episodes occurred in the first month and 
seven episodes appeared less than 1 week after trans- 
plantation. The oral temperature during 14 of the 15 
episodes was greater than 99 F. The oral temperature 
exceeded 101 F during six of the pulmonary edema 
episodes. The serum creatinine level in each case was 
above normal, and only four episodes took place in pa- 
tients whose serum creatinine level was less than 2.0 
mg./100 ml. Weight gain exceeded 10% of the ideal 
weight in 12 of the 15 episodes; it exceeded 20% in four 
episodes (Table 1). Diastolic hypertension (>90 
mm. Hg) was present during every episode, and the 
diastolic pressure was 100 mg. Hg on the day respira- 
tory distress was maximal in 13 of 15 episodes. Periph- 
eral edema was also frequently present. 

The entire clinical syndrome can be attributed to di- 
minished water excretion due to relative or absolute 
renal failure associated either with rejection or acute 
tubular necrosis. The degree of overhydration in these 
patients was sufficient to cause weight gain, hypertension 
and relative myocardial insufficiency, leading to inter- 
stitial or frank pulmonary edema. In Case 5 the episode 
was fatal, and acute myocardial infarction with pul- 
monary edema was found at autopsy. The presence 
of fever was surprising, but the fever uniformly lysed 
with diuresis. Fever should not encourage the diagnosis 
of sepsis in these patients. Patient 13 (Fig. 4) was ad- 
mitted with a diagnosis of diffuse pulmonary sepsis 
several weeks following transplantation. Immunosup- 
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pression was stopped and dialysis was re-instituted in 
the hope that the patient would be better able to cope 
with his infection. The pulmonary problem promptly 
cleared with ultra-filtration and weight Icss during 
hemodialysis. It became apparent (too lat= to save 
the kidney) that the diagnosis of pulmonary infection 
was incorrect and that pulmonary edema associated 
with a rejection episode was the correct diagnosis. 
Prompt attention to this diagnosis might have allowed 
the rejection to have been reversed and the kidney saved. 

There are probably three subgroups of pacients pre- 
disposed to develop pulmonary edema. The irst group 
is characterized by three children (Cases H, 12, 13, 
Figs. 3 and 4) who had renal malfunction associated 
with rejection in the first several months following trans- 
plantation. Water retention, hypertension ard pulmo- 
nary edema developed, and no myocardial disease could 
be diagnosed. In all three children, the weigh! gain was 
equivalent to more than 15% of the normal body 
weight. Children with small normal extracel ular fluid 
volumes obviously cannot tolerate rapid inereases in 
fluid volume without danger. If sudden renal malfunc- 
tion occurs and water intake is unrestricted pulmon- 
ary edema will always be a problem to a child follow- 
ing renal transplantation. 

A second group of patients predisposed tc pulmon- 


c 


Fic. 2, Pulmonary edema in patient 7. This patient had Fabry’s 
disease: (a) Immediate post-transplant chest X-ray reveals nor- 
mal heart and lungs. (b) Acute tubular necrosis plus luid over- 
load produced bilateral pulmonary infiltrates and ar enlarged 
myocardial shadow. (c) Diuresis resulted in resolution of the ul- 
monary edema and the patient was normal by the 12tË day (d). 


PATHOGENESIS OF TRANSPLANT LUNG 





Fic. 3. Pulmonary edema in patient 11: This child developed two 
separate episodes of pulmonary edema during two rejection epi- 
sodes. (a) Post-transplant chest roentgenogram revealed clear lungs 
and normal heart size. At the time of the first rejection episode 
(b) the heart is enlarged and the lungs congested. Diuresis and 
treatment of rejection lead to clearing of the lung fields (c) and 
reduction in myocardial size (d). 


ary edema includes four adult patients (Cases 3, 6, 8, 
10) who developed pulmonary edema within a few days 
of receiving a kidney. All had moderately good urine 
output but imperfect creatinine clearances. They gained 
weight rapidly, became hypertensive, and were ob- 





Fic. 4. Pulmonary edema mistaken for diffuse pulmonary infection 
in patient 13: Fifteen days after transplantation (a) there was 
bilateral diffuse infiltration and myocardial enlargement associ- 
ated with fever and renal malfunction. (b) The infiltrates failed 
to clear with anti-rejection therapy over a 3-week period during 
which time immunosuppression was stopped (c). Hemodialysis 
led to prompt clearing of the pulmonary infiltrates and shrinking 
of the heart shadow (d). The kidney was rejected and retrans- 
plantation has been successful. 
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viously overhydrated. Two of these patients required 
respirator care and hemodialysis to control the pulman- 
ary edema until renal function improved. Even patients 
with moderately good creatinine clearances may have 
difficulty in excreting sodium and water for the first few 
post-transplant weeks. Three of the four patients in this 
group developed pulmonary edema on the fourth to 
fifth post-transplant days when wound edema may have 
been mobilized and re-absorbed. Two of these latier 
three patients (Cases 3 and 8) developed steroid di- 
abetes later in the post-transplant period. 

The third group of predisposed patients is seen in 
two older patients (Cases 1 and 2), three patients w th 
diabetes (Cases 4, 5, 9, Fig. 1), and one patient w th 
Fabry’s disease (Case 7, Fig. 2). Patients with juvenile 
diabetes and Fabry’s disease are known to have severe 
coronary artery disease.* One patient (Case 5) died 
with an anterior myocardial infarction during the epi- 
sode of pulmonary edema. Three other patients with 
diabetes are now well with normal renal function, but 
they did pass through a period of pulmonary edena 
which suggests that their myocardial reserve is inade- 
quate. One should emphasize that the patients in this 
group generally had better renal function at the tine 
they developed pulmonary edema than patients who 
were younger or lacked previous myocardial disease. In 
these patients the mere retention of a few liters of 2x- 
tracellular water was sufficient to produce pulmonary 
edema. 

The prognosis in all these patients is uncertain, De- 
spite the short period of follow-up, one patient (Case 
12) developed several subsequent episodes of pneu- 
monia. She died 16 months post-transplantation of v_ral 
pneumonia complicated by secondary bacterial infection. 
Another patient (Case 10), who required dialysis and a 
respirator to treat the pulmonary edema, developed tac- 
terial pneumonia 339 days following transplantation, al- 
though she is now well 7 months later. Another wonan 
(Case 5) died during the episode of acute pulmonary 
edema with myocardial infarction. One man (Case 1) 
died 2 years following transplantation of a cerebro-vas- 
cular accident. It is likely that those diabetic and Fabry 
patients who have already shown evidence of myocar tial 
insufficiency may show further evidence in the future. 


Discussion 


Previous reports have emphasized the syndrome called 
“transplant lung” in which central hilar congestion and 
pulmonary infiltrates have been associated with ap- 
parent rejections of the grafted kidney.4°1'°.™%1* These 
episodes have occurred both early and late following 
transplantation and have been attributed variously to 
(a) immunologic cross-reactivity between kidney and 
lung,!? (b) cytomegalovirus infections,*®> (c) funga! in- 
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fections, (d) pneumocystis carinii," and (e) pulmonary 
embolus. +” 

Only six of the 15 episodes of pulmonary edema in 
13 patients reported here fully qualifies for the diagnosis 
of transplant lung. Cases 1, 2, 5, 11, 12, and 13 are typical 
examples. These patients did not have diabetes or Fa- 
bry’s disease or other predisposing conditions usually 
associated with myocardial insufficiency. Each had ex- 
cellent early function and developed pulmonary infil- 
tration at the time of rejection. Each of these patients, 
like those with more clear cut pulmonary edema, de- 
veloped weight gain, hypertension, and low grade fe- 
vers. In each case they responded to either diuresis or 
dialysis. Thus, the cases of typical “transplant lung” 
mimic, to a large degree, the characteristics of those 
patients with classic pulmonary edema. This is not to 
suggest that all cases of “transplant lung” are due to 
pulmonary edema associated with the water reten- 
tion of rejection or acute tubular necrosis. A number of 
such patients may have viral, bacterial, fungal, parasitic, 
or protozoal infections.™ ° Nevertheless, the simplest di- 
agnosis in the patient who presents with low grade fe- 
ver, weight gain, hypertension, and deterioration of renal 
function consistent with renal allograft rejection, is the 
water retention and interstitial pulmonary edema as- 
sociated with rejection. Myocardial enlargement is a 
rather constant finding in these instances and very help- 
ful in initial diagnosis and treatment. Neither weight 
gain nor hypertension have been mentioned in the past 
reports of transplant lung—nor has it been suggested 
that interstitial pulmonary edema could account for the 
coincidence of pulmonary changes with deteriorating 
renal function. 

There is no evidence to support the popular alterna- 
tive hypothesis!* that the pulmonary changes are due 
to immunological cross-reactivity between the kidney 
and lung.® The finding of arterial hypoxemia has been 
invoked as an example of a special sort of alveolar-capil- 
lary block,®:'* but hypoxemia can be the result of a va- 
riety of pulmonary afflictions in which there are ven- 
tilation-perfusion imbalances. Similarly, the pulmonary 
infiltrates and pathologic findings reported!:*1° are cer- 
tainly not peculiar to transplant patients. Immuno- 
fluorescent evidence of immunologic reactions taking 
place in the lung has not been sought. 

Instead of the blanket “transplant lung? diagnosis 
suggesting mysterious immunologic cross-reactivities, it is 
better to distinguish the clinical patterns of each of the 
pulmonary complications which might together charac- 
terize the transplant lung syndrome. Pulmonary edema 
might represent one pattern of transplant lung. It might 
also represent the initial change which predisposes to 
progressive changes due to infection. For example, 
larger doses of steroids to a rejecting patient with inter- 
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stitial pulmonary edema might condition him to a 
number of the opportunistic lung infections, -vhose pat- 
tern would merge with, and appear continuous with, the 
pulmonary edema. We have previously suggested that 
rejection episodes might even be precipitated by mild 
viral infections.'®!7 A mixed pattern of mild infection, 
mild rejection, water retention, and interstitic] pulmon- 
ary edema would then result. The mixed picture fre- 
quently seen in the lungs of patients who die after 
transplantation would suggest a complex pathogenesis 
of respiratory failure in these patients. A common pat- 
tern described in publications on “transplant lung” is 
that resolution of the pulmonary changes pramptly fol- 
lowing reversal of the rejection, but that tetal disap- 
pearance of pulmonary malfunction takes many weeks,!8 

In any case it is dangerous to diagnose esoteric un- 
proven immunologic cross-reactivities between kidney 
and lung since either diuresis or dialysis might relieve 
the patient. Our own haste to diagnose potertial lethal 
pulmonary infection in Case 13, thereby leading us to 
miss the diagnosis of pulmonary edema assoc ated with 
rejection, was responsible for the loss of the kidney in 
that patient. 


Summary 


l. Thirteen recipients of renal transplants developed 
15 episodes of interstitial or frank pulmonary edema. 

2. Most episodes were characterized by fever, weight 
gain, hypertension, pulmonary infiltrates, an enlarged 
heart shadow, arterial hypoxemia, and renal malfunc- 
tion due to rejection or acute tubular necrosis. Pulmon- 
ary edema is usually a manifestation of increased extra- 
vascular water secondary to renal malfunction. 

3. Children, older patients, diabetics, anc patients 
with Fabry’s disease seemed more prone to this com- 
plication. 

4. Six of the 13 patients had clinical pictures com- 
patible with “transplant lung.” All responded -o dialysis 
or diuresis. 
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Protein-Losing Enteropathy and Malabsorption 


in Regional Enteritis: 


Cure by Limited Ileal Resection 


ANDREW L. WARSHAW, M.D., THOMAS A. WALDMANN, M.D., 


E XCESSIVE LEAK of plasma proteins into the gastrein- 
testinal tract occurs frequently in regional enteritis 
(Crohn’s disease )+1%1? and leads to lowered plasma con- 
centrations of proteins when the losses exceed the ca- 
pacity of the liver to synthesize new protein. Hypopro- 
teinemia in regional enteritis has been thought to sig- 
nify widespread involvement of the intestine,*:!° and a 
recent study goes still further in stating that measure- 
ment of enteric protein loss “provides one of the best 
objective reflections of the extent of the intestinal lesion”! 
A natural conclusion is that hypoproteinemia implies 
disease too diffuse for reasonable surgical resecticn. 
While the conclusion appears to be valid in most in- 
stances, this report illustrates that exceptions to the 
thesis occur: that a short segment of intestine involved 
by regional enteritis can produce clinically significant 
gastrointestinal protein loss, hypoproteinemia, edema, 
and fat malabsorption, and that in such cases surgical 
resection can be curative. 


Methods 


Gastrointestinal protein loss was estimated by assay 
of a 4-day stool collection for radioactivity after tie 
intravenous administration of ®!Cr-albumin.!® Fecal fat 
was determined on 3-day collections by the method of 
van de Kamer et al.'! The Xylose-tolerance test was car- 
ried out by oral administration of 25 Gm. of D-Xylose? 
and by determination of Xylose in the urine accorcing 
to Roe and Rice.’ The secretin test of pancreatic furc- 
tion was performed according to Dreiling and Janowitz.’ 
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Case Report 


An 82-year-old woman was admitted to the Clinical Center of 
the National Institutes of Health for evaluation of hypoproteinemia. 
Five years previously, chronic constipation had changed to a pat- 
tern of two or three small stools daily. One year before admission 
she was given iron for anemia. Four months later she began to 
have intermittent diarrhea. Between diarrheal episodes her stools 
were light-colored and floated on the toilet water. Abdominal 
cramps and anorexia appeared, and she lost 25 pounds. She de- 
veloped pedal edema and a succession of oral ulcers. 

Examination showed a thin, wizened woman with sparse sub- 
cutaneous tissue. Abnormal physical findings included a small 
aphthous ulcer on the lateral aspect of the tongue, hyperactive 
bowel sounds, a bruit in the epigastrium, palpable but non-tender 
loops of bowel in the lower abdomen, and pedal edema. 

Laboratory examination on admission: Urinalysis was normal 
and contained no protein. Hematocrit was 34% and the white 
count was 9,200 with 55% neutrophils, 39% lymphocytes, 3% mono- 
cytes, and 3% eosinophils. The reticulocyte count was 0.6%. The 
serum folic acid was 2 milliunits per ml. (normal, 5 to 21), and 
the serum Bi» was 200 micro-micrograms/ml. (normal, 42 to 410). 
The corrected erythrocyte sedimentation rate was 30 mm./hr. The 
serum iron was 17 micrograms/100 ml. and the iron-binding 
capacity 137 micrograms/100 ml. The cholesterol was 103 mg./ 
100 ml. The total protein was 4.5 Gm./100 ml., the albumin 2.0 
Gm./100 ml., and the globulin 2.5 Gm./100 ml, The prothrombin 
time and blood levels of urea nitrogen, sugar, bilirubin, calcium, 
potassium, and transaminase were normal, Examination of the 
stool for occult blood was repeatedly negative. 

Plain x-rays of the chest, abdomen, and bones were normal 
except for diffuse degenerative arthritis and mild osteoporosis. 
Barium enema x-ray showed a normal terminal ileum, and a small 
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bowel follow-through study did not demonstrate abrormality of 
the remainder of the intestine. 

Special studies: Serum carotenoids were 55 microgrems/100 ml. 
(normal, greater than 50). Five-hour urinary excretion of a 25 Gm. 
oral dose of D-Xylose was 5.3 Gm. and 3.7 Gm. on tvo occasions 
(normal, greater than 5 Gm.). Daily fecal fat excretion ranged 
from 10 to 15% and averaged close to 13% while on approximately 
100 Gm. of daily dietary fat (normal, less than 5% excretion), 
The gastrointestinal protein leak study showed 6.0% of the in- 
jected dose of 51Cr-albumin appearing in the stools in 4 days 
(normal, less than 0.75%). The presence of normal numbers of 
lymphocytes in the peripheral blood suggests that the gastro- 
intestinal protein loss was not due principally to whole lymph loss. 
A secretin test of pancreatic function was normal, and a clinical 
trial of oral pancreatic enzyme supplements did not ciminish the 
steatorrhea. Rectal mucosal biopsy showed mucosal vzscular con- 
gestion and mild subepithelial fibrosis. A peroral intes-inal biopsy 
specimen taken from the region of the ligament of Treitz was 
normal. Because the epigastric bruit raised the possibility of mesen- 
teric vascular insufficiency, selective celiac and superior mesen- 
teric angiograms were performed; these showed a widely patent 
superior mesenteric artery and minimal, insignificant narrowing 
of the celiac artery at its origin. The inferior mesenteric artery 
was not well visualized, but there was no abnorme! collateral 
supply to suggest occlusion of this vessel. 

Hospital course: The crampy lower abdominal pain became 
more frequent, and leukocytosis and fever appeared. X-ray exami- 
nation of the abdomen in the upright position showed air-fluid 
levels in the small bowel. At laparotomy the only abnormality 
was of the distal ileum, which contained adjacent area: of marked 
inflammation, thickening, and serosal exudate. The lumen in the 
involved segment was narrowed, and the proximal loaps of intes- 
tine were mildly dilated. The mesenteric lymph nodes draining the 
inflamed area were markedly enlarged, but the mesenteric fat was 
unremarkable in distribution. The total span of involved ileum was 
about 50 cm. long, including a 20 cm. segment of gressly normal 
bowel in the midportion. The terminal 45 cm. of ileum appeared 
normal. The visibly diseased segment was removed anc an end-to- 
end anastomosis was constructed. 

Pathology of the resected specimen: The bowel wal, especially 
the submucosa, was markedly thickened and edemataus, measur- 
ing up to 7 mm. In some areas the mucosa was circu nferentially 
completely ulcerated and replaced by a shaggy, purulent coating, 
In others, there was a cobblestone appearance with 2 to 7 mm. 
nodules of hyperemic, edematous mucosa surrounded 3y purulent 
ulcerations (Fig. 1). These areas of more severe inflammation 
were separated along the length of bowel by zomes of non- 
ulcerated, but hyperemic and edematous mucosa. In these latter 
zones the bowel wall was not thickened. There were no ulcera- 
tions at the margins of surgical resection. Microscopic examination 
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Fic. 1. This portion of the resected ileum illustrates the linear 
segments of mucosal ulceration separated by zones of hyperemic, 
edematous mucosa. The bowel wall, especially the submucosa, 
is thicker and stenotic in the more severely involved segments. 
There is an area of hemorrhage within the bowel at the inferior 
margin. 


confirmed the denudation of areas of mucosa, with masses of 
inflammatory cells, including many lymphocytes, plasma cells, and 
eosinophils, replacing the mucosal glands. There was marked 
edema and fibrosis of the submucosa. The inflammation extended 
through the muscularis to the thickened serosa and surrounding 
adipose tissue. Occasional dilated lymphatic channels were seen 
within the serosa and rarely within the lamina propria. No granu- 
lomata were identified on multiple sections of the bowel and 
mesenteric lymph nodes, which showed only follicular hyper- 
plasia. The mesenteric vessels were patent. The gross and micro- 
scopic findings were consistent with regional enteritis. 

Clinical course after ileal resection: The patient’s convalescence 
was rapid and uneventful. Her weight began to rise within 10 
days of operation, and she settled down to one normal stool per 
day within 20 days. Three vears after operation she remained 
symptom-free and active in her profession as a sculptress. At no 
time has she received medication for inflammatory bowel disease. 

Studies after ileal resection: Pertinent studies comparing pre- 
and postoperative gastrointestinal absorption and protein-loss are 
summarized in Table 1. The serum albumin, total serum proteins, 
and serum carotenoids began to rise within 17 days of resection. 
Fecal fat excretion remained 12 to 15% during the first month, 
but was down to 6% 3 months after operation. *1Cr-albumin leak 
was reduced from the preoperative value of 6.0% to 2.3% by the 
third week after resection, and to 0.66% within 3 months (normal. 
less than 0.75%). 


Discussion 


Previous studies have established that excessive gas- 
trointestinal protein loss occurs in up to 70% of patients 
with inflammatory bowel disease.!19 If the mechanism 


TABLE 1. Evaluation of Enteric Proteir Leak and Fat Absorption before and after Segmental Ileal Resection 


Weight, Kg. 

Serum albumin, Gm./100 ml. 

Total serum protein, Gm./100 ml. 

Serum cholesterol, mg./100 ml. 

Serum carotenoids, meg./100 ml. 

Fecal fat excretion, % of daily intake 

*Cr-albumin leak, % of injected dose appearing in stoob in 4 days 


Postoperative 
i a 





3 5 13 20 
Preoperative Weeks Weeks Weeks Weeks 
43.9 45.7 48.7 51.3 52:5 
2.0 2.6 2.8 Ja 3.6 
5 4.9 5,1 5.4 6.2 
103 151 159 170 203 
54 105 112 122 
10-15 13 10 6 
6.0 2.3 0.66 
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of the protein loss is, as is thought, the weeping of 
plasma proteins from inflamed and partially denuded 
mucosa, possibly exacerbated by mesenteric lymphatic 
obstruction, it is logical that the magnitude of prote n 
leak should increase with the length of bowel involved. 
Beeken and associates! have nicely shown in 30 patients 
with regional enteritis that the amount of protein cst 
correlates well with the length of diseased small intes- 
tine. In their study, patients with albumin clearance by 
the gut exceeding 100 mg./Kg./day (normal, less 
than 24) or serum albumin less than 3.0 Gm./100 ml. 
had an average of more than 4 feet of intestine involved 
by Crohn’s disease. Since resection of long lengths of 
intestine for regional enteritis may produce additional 
nutritional problems without assurance of cure, the pres- 
ence of hypoproteinemia would tend to favor the æ- 
lection of non-surgical means of therapy in situations 
allowing a choice. 

The present case, while it may be unusual, illustrates 
that hypoproteinemia can occur as the result of dss- 
ease in a relatively short segment of intestine. Removal 
of that segment can end the excessive enteric protein 
loss which is at fault. It is possible that there was another 
mechanism contributing to the protein loss in addition 
to those mentioned above: namely, bacterial overgrow-h 
due to stasis in the small intestine proximal to the steno- 
tic diseased area. Protein-losing enteropathy has been 
shown to occur in other situations of intestinal bacterial 
overgrowth such as intestinal blind loops,’ jejunal steno- 
sis, and jejunal diverticulosis.* It is well established, 
furthermore, that bacterial overgrowth in the small in- 
testine can cause fat malabsorption by deconjugating > le 
salts.2 We do not know the cause of the steatorrhea in 
this patient, but the presence of a stenotic segment of 
ileum and the disappearance of the malabsorption after 
resection of that segment are consistent with the hypeth- 
esis that bacterial overgrowth played a part in the m- 
testinal pathophysiology. Since antibiotics were not used 
due to deterioration of the patient’s condition at a tine 
of uncertain diagnosis, we are left to speculate whether 
they would have had a beneficial effect on the intestiral 
protein loss and malabsorption. 

On the basis of this experience, we suggest that ex- 
cessive enteric protein loss and hypoproteinemia in pa- 
tients with regional enteritis do not necessarily imply 
widespread intestinal involvement. Hypoproteinemia in 
a patient with apparently localized disease should rot 
be prejudicial to treatment by resection. 


Summary 


A patient with regional enteritis was found to have 
fat malabsorption and hypoproteinemia due to exces- 
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sive gastrointestinal protein loss. The disease was con- 
fined within a total span of less than 50 cm. of distal 
ileum. Resection of this segment resulted in cure of the 
protein-losing enteropathy and malabsorption, and in 
return of the serum proteins to normal levels. 

Hypoproteinemia in regional enteritis does not neces- 
sarily imply widespread involvement of the bowel 
and should not of itself be considered a deterrent to 
operation. 
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By either route... 


‘ANCEP’ produces high blood levels. 


(In a 3-part crossover study in 60 adult male volunteers 
following a 500 mg. |.M. injection, a serum level of 36.8 4g./ml 
was achieved at 1 hour; a level of 3.0 ug./ml. was still main- 
tained at 8 hours. ) 


‘ANCEF’ Indications 


Respiratory tract infections due to D. pneu- 
moniae, Klebsiella species, H. influenzae, 

S. aureus and group A beta-hemolytic streptococci. 
Genitourinary tract infections due to E. coli. 

P mirabilis, Klebsiella species and some strains 

of enterobacter and enterococci. 

Skin and soft-tissue infections due to S. aureus, 
group A beta-hemolytic streptococci and other 
strains of streptococci. 

Bone and joint infections due to S. aureus 


Septicemia due to D. pneumoniae, S. aureus, 

P mirabilis, E. coli and Klebsiella species. 
Endocarditis due to S. aureus and group A beta- 
hemolytic streptococci. 

Appropriate culture and susceptibility studies should be 


performed to determine susceptibility of the causative 
organism to ‘Ancef 


‘ANCEF’ is bactericidal against the 
following organisms in vitro: 


Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant) 
Group A beta-hemolytic streptococci and 
other strains of streptococci 

(many strains of enterococci are resistant) 


Diplococcus pneumoniae Klebsiella species 
Escherichia coll Enterobacter aerogenes 
Proteus mirabilis Hemophilus influenzae 


Most strains of Enterobacter cloacae and indole-positive 
Proteus (P vulgaris, P morgani, P. rettger!) are resistant 
Methicillin-resistant staphylococci, serratia, pDseudomonas, 


mima. herellea species are almost uniformly resistant to Ancef. 


ANCEF sterile cefazolin sodium 
has produced no nephrotoxicity 


in extensive clinical trials. 


(Transient rise in SGOT, SGPT, BUN and alkaline phos 
phatase levels has been observed without clinical evidence of 
renal or hepatic impairment.) 


Adverse Reactions 


Adverse reactions reported in the clinical trials included: pain 
on injection, rash, G.I. symptoms, pruritus and phlebitis. For 
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Ace a complete list of adverse reactions associated with ‘Ancef 
ay NCE therapy please see brief Summary of prescribing information 
p on last page of this advertisement. 
LONG oe i 
aj ja noe ‘ANCEP’ Clinical Efficacy 
Number of % “Good” or 
Site of Infection Patients “Excellent” Response” 
Respiratory Tract ar? 93% 
Genitourinary Tract 544 93% 
Skin and Soft Tissue 122 849 
Blood and Lymph 69 81% 
Bone anc Joint 35 80% 
Miscellaneous and 
Multiple Site 34 85% 





The preceding results were collected from identical clinical 
protocols with comparable criteria of efficacy. 


*Excellent: Initial improvement at 1-3 days with maximum 
improvement between 3-7 days. Good: Initial improvement 
at 2-4 days with maximum improvement between 4-10 days. 


see following page for a brief summary of prescribing infor- 
mation including contraindications, warnings, precautions 
and dosage. 











Before prescribing. see complete prescribing information in SK&F 
literature 


DESCRIPTION 

Ancef™” (sterile cefazolin sodium, SK&F) is a semi-synthetic cepha 
losporin for parenteral administration. It is the sodium salt of 2- |[§5 
methyl-1 3, 4-thiadiazol-2-yl) thio]ļmethyl: -8-oxo-7-[2-( 1H-tetr 


1-yl) acetamido]-5-thia-1-azabicyc lol 4.2. Ojoct-2-ene-2-carboxyln 
acid. The sodium content is 46 mg. per gram of cefazolin 
ACTIONS 


Microbiology: /n vitro tests demonstrate t that the bactericidal actier 
of cephalosporins results from inhibition of cell wall synthesis 
Ancef' is active against the following organisms /n vitro 


Staphylococcus aureus | pen illin-sensitive and penicillin-res stam 
Group A beta-hemolytic streptococci and other strains í yt stref 


tococci (many strains of enterococci are resistant) 


Diplococcus pneumoniae Klebsiella species 

Escherichia coll Enterobacter aerogenes 

Proteus mirabilis Hemophilus influenzae 

Most strains of Enterobacter cloacae and indole positive Proteu 

(P. vulgaris, P. morgani. P. rettgeri) are resistant. Methicillin-resistar 
staphylococci, serratia. pseudomonas, mima herellea species are 
almost uniformly resistant to cefazolin 


INDICATIONS 
Ancef (sterile cefazolin sodium, SK&F) ıs indicated in the treatment of 


the following serious infections due to susceptible organisms 
J 


Respiratory tract infections due to Diplococcus pneumoniae 
Klebsiella species. Hemophilus influenzae Staphylococcus aurem: 
(penicillin-sensitive and penicillin-resistant). and group A beta 
hemolytic streptococci 

Injectable benzathine penicillin is considered to be the drug of choice 
in treatment and prevention of streptococcal infections. including 

the prophylaxis of rheumatic fever. Ancef is effective in the eradica 
tion of streptococc! from the nasopharynx. however, data establish 
ing the efficacy of Ancef in the subsequent prevention of rheumMieii! 
fever are not available at present 


Genitourinary tract infections due to Escherichia coli Proteu: 
mirabilis. Klebsiella species. and some strains of enterobacter and 
enterococci 

Skin and soft-tissue infections due to Staphylococcus aureu 
(penicillin-sensitive and penicillin-resistant) and group A beta 


hemolytic streptococci! and other strains of streptococci 


Bone and joint infections due to Staphylococcus aureus 
Septicemia due to Diplococcus pneumoniae Staphylococcus 
aureus (penicillin-sensitive and penicillin-resistant) Proteus mirauils 
Escherichia coli, and Klebsiella species 


Endocarditis due to Staphylococcus aureus (penicillin-sensitive ard 
penicillin-resistant), and group A beta-hemolytic streptococc! 
Appropriate culture and susceptibility studies should be perfermec 
to determine susceptibility of the causative organism to Ancef 


CONTRAINDICATIONS 
ANCEF'IS C ONTRAINDIG ATED IN PATIENTS WITH KNOWN 
ALLERGY TO THE CEPHALOSPORIN GROUP OF ANTIBIOT!! 


WARNINGS 

IN PENICILLIN-ALLERGIC PATIENTS. CEPHALOSPORINS 
SHOULD BE USED WITH GREAT CAUTION pee RE IS CLINICAL 
AND LABORATORY EVIDENCE OF PARTIAL CROSS-ALLER 
GENICITY OF THE PENICILLINS AND THE C ERRAL ISPORIN 
AND THERE ARE INSTANCES OF PATIET NTS > WHO HAVE HAD 
REACTIONS TO BOTH DRUG CLASSES (INCLUDING FATAL 
ANAPHYLAXIS AFTER PARENTERAL USE) 


Any patient who has demonstrated some form of allergy. particular y 
to drugs, should receive antibiotics, including Ancef (sterile 
cefazolin sodium, SK&F) cautiously and then only when absclutely 


.J wfrom SK&. .. 
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‘CEFAZOLIN SODIUM 





brand of 


necessary. Serious anaphylactoid reactions require immediate 
emergency treatment with epinephrine. Oxygen, intravenous 
steroids, and airway management, including intubation, should also 
be administered as indicated 

Usage in Pregnancy: Safety of this product for use during pregnancy 
has not been establisned 

Usage in Infants: Safety for use in prematures and infants under 1 
month of age has not been established 


PRECAUTIONS 

Prolonged use of cefazolin sodium may result in the overgrowth of 
nonsusceptible organisms. Careful clinical observation of the patient 
is essential 

When Ancef' is administered to patients with low urinary output 
because of impaired renal function, lower daily dosage is required 
ictions). A false positive reaction for glucose in the 
urine of patients on Ancef' has occurred with Clinitest ” tablets 
solution 


ADVERSE REACTIONS 
The following reactions have been reported 


see dosage In 


Hypersensitivity: Drug fever, skin rash. vulvar pruritus, and 
eosinophilia have occurred 

Blood: Neutropenia, leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred 

Hepatic and Renal: Transient rise in SGOT, SGPT BUN and alkaline 
phosphatase levels has been observed 

Gastrointestinal: Nausea, anorexia, vomiting, diarrhea. oral can 
didiasis (oral thrush) have been reported 

Other: Pain at site of injection after intramuscular administration has 
occurred. some with induration. Phlebitis at site of injection has been 
noted 


DOSAGE AND ADMINISTRATION 
Ancef may be administered intramuscularly or intravenously after 
reconstitution 


Dosage 
In adults, usual dosage for mild gram-positive infections IS 250 mg 
to 500 mg. of Ancef' every 8 hours. In acute uncomplicated urinary 
tract infections. a dosage of 500 mg. every 8 hours is usually ade- 
quate In moderate or severe infections, the usual adult dosage Is 
500 mg to 1 gram of Ancef every 6 to 8 hours. Ancef has been 
administered in dosages of six grams per day In serious infections 
such as endocarditis.’ Ancef’ may be used in patients with reduced 
renal function with the following dosage adjustments: In patients 
with mild to moderate impairment (creatinine clearance of 60-40 
mI /min.} 60% of the normal daily dose given in divided doses q1 2n 
should be sufficient. In patie nts with moderate impairment (creatinine 
clearance of 40-20 ml./min.) 25% of the normal daily dose given in 
divided doses qa12h should be sufficient. In patients with mi arked 


impairment (creatinine clearance of 20-5 mi./min.) 10% of the 
normal daily dose ies n q24h should be adequate. All epee 
recommendations apply after an initial loading dose of 500 mg 


In children, a total daily dosage of 25 to 50 mg per kg (approxt- 
mately 10 to 20 mg. per pound) of body weight, divided into three or 
four equal doses, is effective for most mild to moderately severe 
infections. Total daily dose may be increased to 100 mg. per kg. (45 
ma. per pound) of body weight for severe infections. Since Safety for 
use in premature infants and in infants under one month has not 
been established. the use of Ancef in these patients is not recom 
mended 

For additional information on dosage and administration, see pack 
age literature or contact your SK&F Representative 

HOW SUPPLIED 

Ancef” (sterile cefazolin sodium, SK&F) — supplied in vials equivalent 
to 250 mg.. 500 mg.. and 1 gram of cefazolin 


Smith Kline & French Laboratories. Division of SmithKline Corp, ,e 
Philadelphia, Pa 19101 





Gallbladder Volume and Contractility after Truncal, 
Selective and Highly Selective (Parietal-Cell) 


Vagotomy in Man 


G. J. S. PARKIN, M.B., Ch.B., B.Sc., D.M.R.D., R. B. SMITH, M.B., Ch.B., 


RUNCAL VAGOTOMY has. been shown previously to 
Too dilatation of the gallbladder in man*:.15. 
17,25,26 whereas selective vagotomy does nor.!5.25.26 Tn 
addition, truncal vagotomy leads to diminutwn in bile 
flow®!%11 and to the production of potentially-lithogenic 
bile" (in dogs) and may predispose ®© the for- 
mation of gallstones in man.5:2!23 Highly selective 
vagotomy (HSV) is a vagotomy confined to tre parietal 
cell mass.!18 As in selective vagotomy, the hepatic and 
celiac vagal branches are preserved šut, unlike selective 
vagotomy, HSV preserves the vagak-nerves (ot Latar- 
jet) to the antrum of the stomach,zand in consequence 
the addition of a drainage procedure is unnecessary. 
The principal advantage of HSV over truncal or selec- 
__ tive vagotomy with a drainage procedure is that gastric 
» emptying is better regulated, and dumping ane diarrhoea 
greatly reduced." However, it seemed possible that 
gallbladder function might also be better after HSV 
than after truncal vagotomy. 

The purpose of this study was to compare the effects 
of truncal, selective and highly selective vagotomy on the 
gallbladder in man. The resting volume of the gall- 
bladder, and its contraction in response to a ncrmal meal, 
were measured in patients with duodenal weer (DU) 
before operation, and in patients who wer in good 
health more than 1 year after the three types of 
vagotomy. In each patient, the vagotomy had been 
shown to be complete! on insulin testing soon after 
operation. 


Method 


Patients. The resting volume of the gallbladder was 
measured in 16 DU patients, 16 patients afer truncal 


ae eee eee eee 


Submitted for publication August 29, 1972. 


581 


D. JOHNSTON, M.D., F.R.C.S. (Edin. and Glasgow) 


From The Department of Radiology and 
the University Department of Surgery, 
The General Infirmary, Leeds, Britain 


eee 


vagotomy and pyloroplasty (TV + P), 12 patients after 
bilateral selective vagotomy and pyloroplasty (SV + P) 
and 16 patients after HSV. A detailed comparison of the 
four groups of patients is presented in Table 1. In the 
DU patients, the diagnosis had been made on the basis of 
a typical history and on barium meal examination. 
Twelve of the 16 patients later underwent operation, at 
which the diagnosis was confirmed in each case. The 
pyloroplasties were of the Heinecke-Miculicz variety in 
all except two patients, in whom F inney pyloroplasties 
were constructed. The contraction of the gallbladder in 
response to a meal was followed for 90 minutes in all 
16 DU patients, in 15 of 16 patients after TV + P, 4 of 12 
patients after SV + P and 10 of 16 patients after HSV. 
Measurement of Volume of Resting Gallbladder and of 
the Contraction after a Meal. The gallbladder was dem- 
onstrated by means of oral cholecystography, Ten hours 
before examination, the patient ingested 3 Gm. of 
Solubiloptin powder in water after a meal. Thereafter, 
he fasted, but took a further 3 gm. of Solubiloptin in 
water 5 hours later. Radiographs were taken in the same 
X-ray room, in a standard way, by one experienced 
radiographer. The patient lay prone on the X-ray table, 
and was placed carefully in the same position before 
each exposure was made. The distance from the X-ray 
tube to the film was known, and the antero-posterior 
thickness of the patient’s body at the level of the gall- 
bladder was measured in centimeters. These measure- 
ments permitted calculation of a correction factor’ which 
was later applied to the computed volume of the gall- 


bladder. 
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Compari:sen of the Four Groups of Patients 





Months after Insulin Test 





























Number Male/Female Ace: Years Weight (KG) Operation >1 Year Post-op*. 
Preoperative 16 ALL 49.8 63.8 — — 
DU M +2.8 +2.1 
Truncal 16 ALL 49; 2a 26.9 5 —ve 
V&P 3 Late +ve 
1 Early +ve 
M +2 +2.2 +3.8 7 ND 
Selective 12 10M 48. 61.8 30.8 ND 
V&P 2F +4, +2.6 +3.7 
Highly Selective 16 15M 48.0 67.3 213 4 —ve 
Vagotomy 7 Late +ve 
; 2 Early +ve 
1} +2 +2.0 +1.3 3 ND 





Numbers are arithmetic means + one standard error. 





The insulin test had been negative in each vagotomized patiest in the early postoperative period. Tests more than 1 year after vagotomy 
were judged negative, early-positive or late-positive!?.24 ND—amt done. Patients after vagotomy were all in good health, with vood-to- 


excellent clinical results. 


Meal. After the first film had been taken to demen- 
strate the volume of the “resting” gallbladder (restmg 
volume), the patient was asked to sit in a chair. He 
then ate a small meal consisting of one slice of a 
standard white loaf of bread, with 28 gm. of butter and 
one standard cup (180 ml.) of tea, to which were added 
milk and sugar to taste. Two teaspoonfuls (8 ml.) of 
thin barium emulsion were eaten with the meal, so that 
contraction of the gallbladder could be timed, not from 
the time of eating, but from the time at which the head 
of the meal first entered the duodenum. The first tea- 
spoonful of barium was taken with the first mouthful of 
bread and buttet. 

Immediate screening of the first ten patients showed 
that bariurh entered the duodenum quickly, within = to 
5 minutes in each case. This rapid initial emptying was 
seen to occur both in DU patients and in patients after 
TV + P and HSV. Thereafter, the assumption was made 
that gastric emptying would be rapid, and in all sub- 
sequent tests serial radiographs were taken at 15-minute 
intervals after the end of the meal for 90 minutes. In 
the intervals between the exposure of radiographs, the 
patient sat upright in a chair. 

Reproducibility Studies. The resting volume of the 
gallbladder was measured on a second occasion in 12 
patients: in three patients with DU before operatien, 
three patients after HSV, four patients after TV + P and 
2 patients after SV + P. The interval between the frst 
and second measurements varied from 3 to 29 weeks, 
with a mean of 11 weeks. 

Calculation of the Volume of the Gallbladder. The two- 
dimensional picture of the gallbladder, giving the area, 
was converted to a figure representing the volume of the 
gallbladder in milliliters, by means of the standard tabies 
provided by de Paula e Silva. This computed volume 
was then converted to the corrected volume by applica- 


tion of the correction factor which compensated for the 
magnification of the image on the film. These calculations 
were all performed by the radiologist (GJSP), who was 
kept in ignorance of the group to which each patient be- 
longed. 

The Outline of the Gallbladder was traced on to un- 
exposed X-ray film with a fine-pointed ball-point pen. 
Contrary to expectation, little difficulty was experienced 
in deciding where Hartmann’s pouch ended and cystic 
duct began, and two observers—radiologist and surgeon 
—were able to reach complete agreement on this score. 

Measurement of Diameters of the Gallbladder, The 
method of de Paula e Silva’ consists essentially of “slic- 
ing” the traced outline of the gallbladder into strips, each 
strip being 3, 5 or 8 mm. wide. The width of each strip 
is measured with a ruler in millimeters. This measure- 
ment gives the diameter of a cylinder, 3, 5 or 8 mm. in 
height, and the volume of that cylinder is read off from 
the standard tables provided. (The assumption is made 
that the gallbladder is circular on cross-section). Two 
observers each calculated the volumes of the same 20 
gallbladders, and the volumes which they obtained were 
compared. 

Volumes of the gallbladder in each of the four groups 
of patients were expressed as arithmetic means plus or 
minus one standard error of the mean. The significance 
of differences between groups was calculated using Stu- 
dent’s t-test for unpaired data. Student’s t-test for paired 
data was used for calculation of the significance of 
changes in the volume of the gallbladder after the meal. 


Results 


DU Patients. The mean resting volume of the gall- 
bladder was 27 + 1 ml., in 16 patients (Figs. 1 and 2). 
The range was from 15 to 36 ml. After the food, the mean 
volume decreased to 12 + 2 ml., in the same 16 patients 
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(Fig. 2). The mean smallest single volume (irrespective 
of when it was recorded) was 10.9 = 1.4 mL If the rest- 
ing volume of the gallbladder is taken as 10@%, the mean 
smallest volume recorded after the meal was 39 + 4%. 
The smallest mean volume (12.5 ml.) was reached at 45 
minutes, but was little smaller than the mean volume 
recorded at 30 minutes (13 ml.). The difference between 
the volumes recorded at 30 and 45 minutes p.c. was not 
statistically significant (0.4 > p > 0.3). The mean vol- 
ume of the gallbladder increased from 12 to 14 ml. be- 
tween 45 and 90 minutes. This increase was not statisti- 
cally significant (0.1 > p > 0.05). 

Patients after TV + P. The mean resting volume of 
the gallbladder was 43 + 4 ml., in 16 patients. Volumes 
ranged from 15 to 84 ml., and seven of the 16 patients 
had gallbladder volumes greater than 40 ml. After the 
meal, the mean volume decreased from 40 + 4 to 17 + 2 
ml., in 15 patients (Figs. 1 and 2). The mean smallest 
volume, regardless of when it occurred, was 14.4 + 2.2 
ml., 33 + 3% of the resting volume. The smallest mean 
volume was recorded at 45 minutes ( Fig. Z). The mean 
volume decreased from 19.2 ml. at 30 minutes to 16.9 ml. 
at 45 minutes, then increased again to a mean of 20.5 ml. 
at 90 minutes. The decrease in volume between 30 and 
45 minutes, and the subsequent increase ir volume be- 
tween 45 and 90 minutes, were both statist cally signifi- 
cant (p < 0.05). 

The resting volume of the gallbladder was significantly 
(p < 0.01) greater after TV + P than in DU patients 
before operation. It was also greater than in >atients after 
HSV (p < 0.01) or SV + P (p < 0.02). also, the two 
consecutive lowest volumes attained after the meal, in 
patients after TV + P, were significantly greater than 
the two consecutive lowest volumes in DU patients or in 
HSV and SV + P patients combined (p < 0.05). 

Patients after SV + P. The mean resting volume was 
27 + 4 ml., in 12 patients. The volumes ranged from 8 
to 53 ml. (Fig. 1). Three of the 12 patients had gall- 
bladder volumes greater than 40 ml. Contractility in re- 
sponse to food was measured in only four patients, in 
whom the mean volume decreased from 41 + 5 to 8 + 2 
ml. The mean smallest volume was 18 + 4% >f the resting 
volume. The smallest mean volume was recorded at 60 
minutes. The resting volume of the gallkladder after 
SV + P was not significantly greater than that of pre- 
operative DU patients (p > 0.9) and con ractility was 
unimpaired in the four patients in whom it was measured. 

Patients after HSV. The mean resting volume of the 
gallbladder was 28 + 2 ml., in 16 patients. The range 
was from 13 to 46 ml. (Figs. 1 and 2) or from 13 to 60 ml. 
if the result of the second test in a reprodw-ibility study 
is included. Two of the 16 patients had gallbladder vol- 
umes greater than 40 ml. (44 and 46 ml.). Ater the meal, 
the mean volume decreased from 27 + 2 ral. to 14 + 2 


TRUNE€AL AND SELECTIVE VAGOTOMY 


983 


RESTING 
VOLUME 
(ml) 





TV+P SVP 


p= ----- >07 <001 >09 


Fic. 1. Gallbladder volumes after three types of vagotomy. Rest- 
ing volume of the gallbladder is shown, for each patient. Hori- 
zontal lines indicate arithmetic mean. Truncal vagotomy and 
pyloroplasty is followed by significant dilatation of the gallblad- 
der: Selective vagotomy and pyloroplasty and highly selective 
vagotomy are not, though the gallbladder is dilated in a few 
individuals after these procedures. 





4 
VOLUME 
OF 
GALL 30 
BLADDER 
(ml) 2 
10 
Resting 0 15 





Minutes 


Volume Meal 


Fic. 2. Gallbladder contraction after a meal. There is no impair- 
ment of gallbladder contraction after truncal vagotomy and pylo- 
roplasty or highly selective vagotomy. Even after maximal con- 
traction, the volume of the gallbladder in patients after truncal 
vagotomy and pyloroplasty is greater than in patients after highly 
selective vagotomy or than in preoperative DU patients. 
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ml., in 10 patients. The mean smallest volume (regardless 
of when it occurred) was 11.7 = 4 ml., 46 = 5% of the 
initial volume. The smallest mean volume was recorded 
at 45 and at 75 minutes, but as in the preoperative DU 
patients, the smallest mean volume had almost been 
reached by 30 minutes. Between 45 and 90 minutes, mean 
gallbladder volume increased by only 0.9 ml., from 14.5 
to 15.4 ml. The resting volume of the gallbladder, and its 
contractility in response to food, were not significantly 
different in patients after HSV from those which were 
found in DU patients before operation. 

Reproducibility of Measurement of Resting Volume. 
Good agreement, within 20%, was obtained in seven of 
the 12 patients. Reproducibility was poor in five patients 
(Table 2). The difference between the paired measure- 
ments averaged 21% of the first measurement. The mean 
difference in volume between first and second tests was 
Lo = 19 mi. 

Correlation between Measurments Made by Two Ob- 
servers. The mean (uncorrected ) resting volume recorded 
by the first observer was 49.0 + 4.8 ml., in 20 patients, 
and that recorded by the second observer in the same 
patients was 48.7 + 4.7 ml. The mean difference was 
0.77 + 0.13 ml., 1.5 + 0.2% of the value recorded by the 
first observer. 


Discussion 


The resting volume of the gallbladder was found to 
be significantly larger (p < 0.01) in patients who had 
undergone TV + P than in patients with duodenal ulcer 
before operation. Since the resting volume of the gall- 
bladder is the same in DU patients as in normal sub- 
jects,” one may conclude that the gallbladder is ab- 
normally large after truncal vagotomy. After HSV or 
SV + P, in contrast, the gallbladder was not dilated, 
on average, although a few individual patients were 
found to have dilatation of the gallbladder. This may 
have been due to inadvertent damage to the hepatic 
fibres at the time of operation and has been noted pre- 


TABLE 2. 
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Time Interval between Vol. at 1st Test 


No. Group Tests (weeks) ml. 
1 DU 3 23. 

2 DU 3 32 

3 DU 8 m. 

4 HSV 11 18 

5 HSV 29 16 

6 HSV 10 78 

7 SV 29 53. 

8 SV 8 42 

9 TV 8 37. 

10 TV 9 FA. 

11 TV 8 38. 

12 TV 10 a4 
Mean 11.33 wks. =. 
+1SEM 2.49 4 
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viously in an occasional patient after SV.%1 Our find- 
ings confirm those of previous workers who reported 
that the gallbladder is dilated after TV in man?®?15. 
17,25,26 and that it is not dilated after SV.'.*°.?5 We have 
added the new information that the gallbladder is not 
dilated after HSV, which was the expected finding, 
since HSV preserves all the structures which are pre- 
served by SV. The gallbladder has been shown to dilate 
progressively in the course of the first year after TV," 
which may explain why Glanville and Duthie,'!” who 
measured the volume of the gallbladder less than a 
year after TV, did not find significant dilatation. 

While it has been stated that the volume of the gall- 
bladder approximately doubles after TV in man,”°-?® our 
own findings are more in keeping with those of Krause 
and colleagues, who reported that the mean volume of 
the gallbladder in 13 patients was 33 ml. before operation 
and 49 ml. after TV with a drainage procedure.” As in 
our own study, the increase in size of the gallbladder 
varied widely from patient to patient, and was less than 
10% in three of the 13 patients and less than 2 ml. in four 
of the 13. If an arbitrary figure of 37 ml. is taken as 
the upper limit of normal for gallbladder volume ( Fig. 
1), nine of our 16 patients had dilated gallbladders after 
TV + P. 

As is evident from the data presented in Table 1, 
matching of the four groups of patients was not perfect. 
In particular, patients after TV + P were heavier on 
average than preoperative patients, and the interval be- 
tween operation and measurement of gallbladder size 
was longer in patients after SV + P than in patients after 
HSV or TV + P. In addition, we found that the re- 
producibility of the measurement of gallbladder volume 
left much to be desired. Nonetheless, the difference be- 
tween the gallbladder volumes after TV + P and the 
volumes in the other three groups of patients was striking 
and it seems reasonable to ascribe it to the operative 
procedure itself, rather than to imperfections of the 


method. 


Resting Volume of the Gallbladder: Results of Paired Tests in the Same Patients 


? 
Vol. at 2nd Test 
ml. Difference ml. 


Difference: Per cent of 
Volume at First Test 
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Although on average the resting volume of the gall- 
bladder was significantly greater after TV + P, con- 
tractility after a meal was unimpaired (Fig. 2). That 
the vagally-denervated gallbladder contracts vigorously 
in response to the presence of fat in the intestine has 
been known for many years.*1%.17.29 This is explicable 
on the grounds that contraction is due main y to the 
release of cholecystokinin.'® However, the smal est mean 
volume which the gallbladder attained after ccntraction 
(14.4 ml.) in patients after TV + P was sfill larger 
than the volumes which were recorded in patiemts before 
operation (10.9 ml) or in patients after HSV (11.7 ml). 
The difference (DU cf TV) was not significant 
(0.2 > p > 0.1), but if the two consecutive lowest 
volumes attained in each test are compared. the dif- 
ference is just statistically significant (DU cf TV; p < 
0.05: DU cf (HSV + SV), p < 0.05). That tre volume 
of the gallbladder is much increased after TV, even 
after contraction, has been noted previously.%:*> Thus, 
the residual volume of bile in the gallbladder after con- 
traction is probably increased significantly after TV. 
This could predispose to the subsequent formation of 
gallstones. 

It has been shown that stimulation of the vagi leads 
to an increase in bile flow, both in man? and in dogs.!1?8 
Stimulation of bile flow in this way cannot occur after 
truncal vagotomy. In dogs, truncal vagotomy leads to 
diminution in bile flow®!°11 and to a chanze in the 
composition of bile, such that it is more lithogenic.61°?" 
In man, the formation of gallstones is favorec by stasis 
of bile, infection and an increase in the ratio of cho- 
lesterol to bile acids.* Several clinical studies suggest 
that truncal vagotomy may predispose to gallstone for- 
mation.”:*!~** Clave and Gaspar, for example found that 


“no fewer than 21 of 92 patients after TV + P had 


evidence of gallbladder disease, whereas Krause showed 
in 1963°° that the incidence of gallstones in patients with 
duodenal ulcer who have not undergone operation is 
little different from that which is found in normal people. 
In conclusion, we suggest that function of the biliary 
tract may be better after HSV than after truncal 
vagotomy, because preservation of its vagal nerve supply 
may prevent not only dilatation of the gallbladder, as 
shown in this study, but also the changes in bile flow 
and composition which follow truncal vagotony. How- 
ever, since these changes in bile after truncal vagotomy 
have been demonstrated only in the dog and not in man, 
further study of bile after the three types of vagotomy 
in man is indicated. 


Summary 


The resting volume of the gallbladder, and ics contrac- 
tion after a normal meal, were studied by meens of oral 
cholecystography in patients with duodenal ulcer be- 


TRUNCAL AND SELECTIVE VAGOTOMY 


585 


fore operation, and in patients who were in good health 
more than 1 year after truncal, selective or highly selec- 
tive (parietal-cell) vagotomy. It was found that truncal 
vagotomy led to significant dilatation (p < 0.01) of the 
gallbladder, Selective and highly selective vagotomy, 
both of which preserve the hepatic vagal fibers, were not 
followed by dilatation of the gallbladder. 

Contractility of the gallbladder was unimpaired after 
each of the three types of vagotomy. It is suggested that 
function of the biliary tract in man may be better after 
highly selective vagotomy than after truncal vagotomy. 
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Pseudomyxoma Peritonaei: 


A Report of Ten Cases 


GERALD K. LIMBER, ROGER E. KING, STEVEN G. SILVERBERG 


T HE TERM, pseudomyxoma peritonaei, as used today, 
refers to a clinical entity consisting of mucinous as- 
cites from any origin, whether benign or mclignant.™ 
Abdominal distention may or may not be present. Vis- 
ceral invasion and metastasis are extremely rare,’ 

Willis?’ has implied that pseudomyxoma represents a 
spectrum of malignancy. The pathogenesis of pseudo- 
myxoma following frankly malignant primary neoplasms 
is readily understandable, but pseudomyxonaa arising 
in lesions at the benign end of the spectrum still re- 
mains a mystery. 

Over a 21-year period, 10 patients with pseucomyxoma 
peritonaei were treated at the Medical Colleze of Vir- 
ginia Hospitals and McGuire Veterans Administration 
Hospital. While several of these cases represert classical 
examples of the syndrome, others demonstrate rare and 
interesting facets of the disease. 


Case Reports 


Case 1. A 46-year-old man underwent laparotomy in Novem- 
ber 1971 for symptoms of intestinal obstruction, and was found to 
have pseudomyxoma peritonaei throughout his entire abdomen. At- 
tempted lysis of adhesions was unsatisfactory because of multiple 
adhesions. He underwent re-exploration 2 weeks later for drainage 
of an intraperitoneal abscess. An enterocutaneous fis ula ensued. 
The patient was treated with intraperitoneal 5-fluorouracil (5-FU ) 
at first operation and was given systemic 5-FU poscoperatively. 
Subsequently, he required nutritional support and management of 
enterocutaneous fistula. He sustained one episode of bone marrow 
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depression and pancytopenia necessitating the withdrawal of the 
5-FU therapy postoperatively. He died 3 months following initial 
operation. 

Case 2. A 42-year-old man was admitted in February 1959. 
He was found to have pseudomyxoma peritonaei at laparotomy. 
The appendix was removed and showed an intramucosal carci- 
noma. He was given a postoperative course of Thio-TEPA (50 
mg. given with 120 units of hyaluronidase) through a catheter 
which was left in place at the time of operation. 

He was readmitted in July 1959 for elective hemorrhoidectomy, 
and was thought to be doing well at that time. He returned to 
the Tumor Clinic in March 1971, at which time he was alive 
and well. 

Case 3. In 1948 (at the age of 44) this patient underwent 
hysterectomy and removal of the right ovary and appendix at 
another hospital, following the discovery of a pelvic mass. Her 
pathology report indicated that mucoid material was seen ex- 
truding from the appendix. She was seen at our hospital in 
1961, at which time she had recurrence of an umbilical hernia. 
She was explored again and had mucinous fluid removed from 
the abdominal cavity. This process was again repeated in 1963. 
In 1967 she again had a large amount of fluid evacuated from 
the abdominal cavity. At this time 500 mg. of 5-FU were in- 
stilled. She was subsequently treated intermittently with systemic 
5-FU. She is currently being followed as an out-patient and 
was last seen in May 1972, at which time she was doing well 
despite recurrent disease. 

Case 4, A 50-year-old man noted abdominal pain associated 
with early satiety in September 1971. He began to notice pro- 
gressive abdominal swelling and was admitted in January 1972. 
At exploration, he had a large mass in the right lower quadrant 
which involved the appendix. He had multiple nodules over the 
entire abdominal surface including the omentum, liyer, visceral 
and parietal peritoneum. He had a small quantity of jelly-like 
material removed. Biopsy of the mass in the right lower quadrant 
revealed adenocarcinoma, but the appendix was not found. He 
subsequently was discharged on 6 mg./Kg. of systemic 5-FU 
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Fic. 1. Typical gross appearance of pseudomyxoma peritoraci 
showing loculated glairy mucus which is yellow-brown and haror- 


thagic (Case 10). 


twice a week. At the present time he remains in satisfactory 
condition. 

Case 5. This gravida 2, para 2, 52-year-old woman was fər nd 
to have mucinous cystadenocarcinoma of the ovary in 1956. 
She was treated with a left oophorectomy and partial oment-c- 
tomy. Subsequently, she underwent exploratory laparotomy for 
pseudomyxoma in 1967 and 1968. She was found to have fecal 
material draining from an umbilical enterocutaneous fistula in 
1969. She died of the disease in December 1969. 

Case 6. A 62-year-old woman underwent left salpingo-oopho- 
rectomy for mucinous cystadenocarcinoma in January 1959, and 
was found to have pseudomyxoma at that time. She was treated 
postoperatively with deep X-ray therapy. She again underwent 
exploratory laparotomy in October 1959 and 1700 cc. of mucincus 
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Fic. 2. Metastatic tumor within a periaortic lymph node com- 
posed of mucin containing cystic spaces lined by benign appearing 
mucous producing cells (H&E, x 100). 
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material were removed. In April 1960, she had another laparotomy, 
with 6700 cc. of material Thio-TEPA instilled 
intraperitoneally. She required another laparotomy in July 1960, 


removed and 


with the removal of 7200 cc. Thio-TEPA was given again at 
this time. She died in October 1960. 

Case 7. A 55-year-old woman was found to have bilateral 
mucinous cystadenocarcinoma of the ovary with pseudomyxoma 
peritonaei in June 1953. She underwent bilateral oophorectomy 
and had eight liters of gelatinous material removed from the 
abdomen. She responded poorly and died in December 1954. 
She had no therapy other than the initial operation. 

Case 8. A 55-year-old woman underwent laparotomy in Novem- 
ber 1970 for what was thought at that time to be a colloid 
carcinoma of the stomach with metastases to the liver, peritoneum 
and omentum. She had Thio-TEPA instilled at the time of 
operation but no attempt was made to remove any of the tumor. 
She was given intravenous 5-FU during the postoperative course. 
She was last admitted to our hospital in July 1971 with a large 
abdominal mass, ascites and cachexia. During this hospitalization 
she was given intravenous 5-FU and mithramycin. She died in 
February 1972. bilateral ovarian mucinous 
cystadenocarcinoma. 

Case 9, A 50-year-old woman was admitted in July 1951, at 
which time she was found to have mucinous cystadenocarcinoma 
of the right ovary and pseudomyxoma peritonaei. She was re- 
explored in 1952 and found to have a mucinous cystadenocar- 
addition to persistant 


Autopsy revealed 


cinoma of the contralateral ovary in 


pseudomyxoma peritonaei. She was lost to follow-up until July 
1962, when she died of the disease. 

Case 10. A 78-year-old woman admitted in March 1972 
with progressive abdominal distention of 1 month duration. No 
pelvic lesions were noted on examination. Upper Gl-series and 
barium enema X-ray were normal. Paracentesis revealed the 
presence of jelly-like material within the peritoneal cavity. She 
was explored and a huge abdominal mass was found. This con- 
sisted of loculated, brown-tan, mucinous material which was 
removed. Her postoperative course was uneventful and she is 


presently alive and well. 


Pathology 


Although the syndrome of pseudomyxoma peritonaei 
is relatively rare, its dramatic gross pathology is well- 
known. Indeed, the diagnostic glairy vellow to brown 
mucus which is seen in the abdominal cavity (Fig. 1) is 
usually more indicative of the presence of a malignant 
process than is the microscopic appearance, which not 
uncommonly is lacking in diagnostic, mucin-producing, 
benign-appearing cells. 

Cases 1, 2, 3, and 4 are examples of pseudomyxoma 
arising from the appendix. The material removed 
from the abdominal cavity in Case 1 contained well dif- 
ferentiated tumor cells floating in seas of mucin, At 
autopsy the peritoneal involvement was so extensive that 
it was difficult to remove the organs from the abdominal 
cavity and to dissect them from one another. The mucin- 
ous material encased all of the abdominal viscera, and 
periaortic lymph nodes showed metastasis (Fig. 2) as 
well as a sarcoid-like granulomatous response to the 
presence of the tumor. 

Case 2 was a pseudomyxoma following a low grade 
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Fic. 3. Abundant mucin within the appendix, ermding the ap- 
pendiceal wall (H&E, x40). 


malignant mucocoele. The specimen removed at opera- 
tion consisted of a portion of appendix, ard two large 
segments of mucinous material. Histologicallv, the ap- 
pendix showed acellular mucin within the appendiceal 
lumen and wall (Fig. 3). There were foci of intramucosal 
carcinoma lining the mucococle (Fig. 4%. The low- 
grade non-invasive nature of this process n> doubt con- 
tributed to this patient’s long survival. 

The original tissues removed from Case 3 ire not avail- 
able at the present time for study. The tissue removed at 
the three subsequent laparotomies was grossly compati- 
ble with the diagnosis of psecudomyxoma peritonaei. Mi- 
croscopically, tumor cells which could be identified as 
malignant were rare. 

The pseudomyxoma in Case 4 must have had its in- 
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Fic. 4. Intramucosal carcinoma of the appendix showing pilin 
up of cells, anaplasia, and hyperchromatic nuclei ( H&E, x155). 





Fic. 5. Mucinous cystadenocarcinoma of the ovary showing 
locules of mucin lined by well differentiated mucin producing 
cells as well as tumor infiltrating the ovarian stroma (Case 10) 
(H&E, X25). 


ception in a carcinoma of the appendix. However, the 
appendix was not identified in the surgical specimen. 

Cases 5 through 10 originated as mucinous cystadeno- 
carcinomas of the ovarv, of which three (Cases 7-9) 
were bilateral (two synchronously and one metachro- 
nously ). In all of these, the gross and microscopic pathol- 
ogy was that of carcinoma (Fig. 5); we have never seen 
a benign ovarian cystadenoma result in pseudomyxoma. 
The fluid in all six cases showed well differentiated tu- 
mor cells in locules of mucin. 

Case 8 demonstrated a rather uncommon finding in 
pseudomyxoma, the invasion of visceral organs. Figure 





Fic. 6. Atypical gastric mucosal cells (M) above a severely at- 
tenuated muscular wall infiltrated by locules of mucin containing 
relatively few mucin producing tumor cells (T) (H&E, x100). 
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Fic. 7. The “omental cake,” one of the classical hallmarks of 
pseudomyxoma peritonaei (Case 8). 


6 shows a section of stomach with benign mucosa over- 
lying metastatic mucinous carcinoma in the gastric wall. 
Figure 7 shows the appearance of the organs at autopsy, 
with an “omental cake” in the center of the abdomen. 
The liver and spleen were similarly encased, but neither 
organ was invaded by tumor. The tumor cells in the 
abdomen in this case were slightly more anaplastic than 
those usually associated with pseudomyxoma_ perito- 
naei. 


Results 


Table 1 summarizes the more important findings in 
this series of patients. The mean age of diagnosis in those 
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patients with psecdomyxoma following an appendiceal 
lesion was 45.7 years, compared with a mean age of 
58.6 years for those with ovarian origin. Pseudomyxoma 
peritonaci arising in the appendix was found in three men 
and one woman. The female patient had concomitant 
ovarian disease and therefore the etiology may be in 
question. The fact that mucinous material was described 
as being present in the appendix and not in the ovary 
would indicate that the appendix was the most likely 
origin. Of the patients in whom disease was found to 
arise in the ovary, three had bilateral ovarian tumors. 
This does not differ from the incidence of bilaterality in 
ovarian mucinous cystadenocarcinoma uncomplicated by 
pseudomyxoma."*? 

The presenting complaint among those patients with 
pseudomyxoma arising in the appendix was an acute 
abdomen in two instances. The first presented as in- 
testinal obstruction and the second as an acute appendi- 
citis. One patient presented with a pelvic mass and one 
with abdominal distention, mass and pain. Abdominal 
distention was the presenting complaint in two of the 
patients with an ovarian etiology. Three additional pa- 
tients presented with abdominal or pelvic masses, while 
in one case the disease was discovered at laparotomy. 

Three of the four patients with an appendiceal etiology 
underwent operation as the primary means of initial 
therapy. In two of these cases chemotherapy was also 
instituted as part of the initial therapy. In one case Thio- 
TEPA and hyaluronidase were instilled intraperitoneally, 


Clinical Findings in Pseudomyxoma Peritonaet 





Time After Primary 
Treatment until 
Clinical Recurrence 


Treatment of 


Recurrence Survival and Status 





Died of disease 
3 mo. 
Living and well with- 


Initial complete Not Applicable 
removal impossible 


No recurrence Not Applicable 


to date out disease 
12 yr. 
13 yr Evacuation of Alive with disease 


mucin X3 with 
IP and IV 5-FU 


24 yr. 


Alive with disease 


TABLE 1. 
Age 
Race Presenting 
Sex Complaint Primary Site Primary Treatment 
1. 47,NM Intestinal Appendix 5-FU(IP&PO) 
Obstruction 
2. 42 WM Acute Appendix Appendectomy & 
Appendicitis removal of mucin 
with IP Thio-TEPA 
and hyaluronidase 
3. 44, WF Pelvic Mass (?) Appx. Appendix, uterus, & 
with ovary rt. ovary removed 
4. 50,NM _~— Abd. pain Appendix Removal of mucin 
& swelling with systemic 5-FU 
5. 51, NF Abdominal Ovary Removal of tube, 
Mass ovary, & omentum 
6. 62, WF Pelvic Mass Ovary Removal of tube & 
ovary. X-ray therapy 
7. 55, WF Abdominal Ovary Removal of ovaries 
Swelling (Bilat.) and mucin 
8. 56, WF Abdominal Ovary IP Thio-TEPA, IV 
Mass (Bilat.) Mithramycin & 5FU 
9. 50, WF Unknown Ovary Removal of mucin 
(Bilat. )* and ovary 
10. 78, NF Abdominal Ovary Removal of ovaries 
Distention and mucin 





* Contralateral ovary and additional mucin removed 1 yr. later. 


Initial complete 
removal impossible 
1 yr. 


8 mo. 


18 mo. 
Initial complete 
removal impossible 


| yr. 


None to date 





Not Applicable 


Removal of 
mucin X2 
Removal of 
mucin X3. 

IP Thio-TEPA 


None 
Not Applicable 
Oophorectomy* 


Not Applicable 


4 mo. 

Died of disease 
3 yr. 

Died of disease 
19 mo. 


Died of disease 
18 mo. 

Died of disease 
16 mo. 

Died of disease 
11 yr. 


Alive with disease 


2 mo. 
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and in the second case 5-FU was given systemically. In 
the remaining patient, the disease was so extensive at the 
time of laparotomy that treatment consisted of only 
biopsy and 5-FU (intraperitoneal and oral). 

Of the six patients with pseudomyxoma resulting from 
ovarian neoplasms, five underwent primary surgical ther- 
apy. Three had removal of one or both ovaries as well as. 
the gelatinous deposits, while two underwent unilateral 
oophorectomy, with omentectomy and/or X-ray therapy 
being used as adjunctive therapy. One patient was 
treated with biopsy and chemotherapy alone. -n this case 
systemic 5-FU and Mithramycin as well as intraperitoneal 
Thio-TEPA were employed. 

Two of the four patients with primary lesons in the 
appendix had extensive disease at the time of operation, 
while two had long periods without recurrerce. Patient 
2 has had no recurrence to date and is currently alive 
and well without disease 12 years after primary therapy. 
In Case 3 the patient experienced a 13-year svmptom- 
free period before her first recurrence, and +s currently 
alive with disease 24 years after primary therapy. This 
patient underwent evacuation of mucinous deposits three 
times (in 1961, 1963, and 1967), and received intra- 
peritoneal and intravenous 5-FU. 

Among the six patients whose disease origimated in the 
ovary, initial clinical recurrence was first noted be- 
tween 8 and 18 months after primary extirpation in four. 
In one patient the lesion was widespread at the time 
of primary diagnosis. The remaining patiert has been 
alive and well with disease for 2 months. 

Two patients in this group underwent r2peated re- 
movals of mucinous deposits, One patient (Case 5) had 
two laparotomies for removal of mucin, and the other 
(Case 6) had three operations in addition to intra- 
peritoneal Thio-TEPA. This patient with the longest- 
symptom-free survival died at the time of the first 
recurrence and therefore had no treatment cf her recur- 
rence. Contralateral oophorectomy for mucinous cyst- 
adenocarcinoma was employed in patient 9 after 1 year 
of symptom-free life. Two patients had no therapy of 
recurrence. In one the disease was widespread at ini- 
tial diagnosis, and in the other therapy has rot yet been 
necessary. 

Of the patients whose disease originated in the ap- 
pendix, one patient is alive and well withou- disease af- 
ter 12 years; another is alive with disease after 24 years; 
and the remaining two patients died 3 and 4 months 
after diagnosis, respectively. The survival of patients with 
an ovarian etiology ranges from 16 months to 11 years. 
Of the five patients who have died of tkeir disease, 
three died within 2 years of the original diagnosis, one 
after 3 years and one after 11 years. The most recent pa- 
tient is living and well 2 months after diagnosis. 

Table 2 compares the histologic character of the tumor 
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TABLE 2. Correlation of Histology with Survival 
Histologic Histologic 
Character Stromal Character 
of Tumor Invasion Numbersof of Tumor 

Cells in in Tumor Cells Cells in 


Primary Primary in Mucin Mucin Survival Status 


Numerous Borderline Died of disease 
3 mos. 


1 Borderline Present 


2 Malignant Absent None — No evidence of 
disease, 12 yrs. 

3 — — Rare Benign Alive with disease 
24 yrs. 

4 — — Numerous’ Borderline Alive with disease 
4 mos. 

5 Borderline Present Numerous’ Borderline Died of disease 
3 yrs. 

6 Borderline Present Numerous’ Borderline Died of disease 
19 mos. 

7 Benign Present Numerous Benign Died of disease 
18 mos. 

8 Borderline Present Numerous Malignant Died of disease 
16 mos. 

9 Borderline Present Numerous’ Borderline Died of disease 
11 yrs. 

10 Malignant Present Numerous Malignant Alive with disease 
2 mos. 


cells found in the primary lesion, the incidence of stromal 
invasion, the relative frequency of tumor cells in the 
mucinous deposits, the histologic grade of the tumor cells 
in the mucin and the clinical course. In two cases the 
cells in the primary neoplasm were frankly malignant; 
in one only cytologically benign cells were found; and in 
the other seven the cells were borderline. Conversely, 
stromal invasion was absent only in the case which orig- 
inated in an intramucosal carcinoma of the appendix. 
Numerous tumor cells were found within the mucinous 
deposits in all but two cases, and the histologic char- 
acter of these cells coincided with that of the primary in 
all but one case. Nevertheless, there was no consistent 
relationship between any of these factors and the subse- 
quent outcome of the cases, save for the fact that our two 
longest survivors (Cases 2 and 3, both with appendiceal 
primary lesions) were the only two who did not have 
numerous tumor cells in their intraperitoneal mucin. 


Discussion 


Pseudomyxoma has been reported to have arisen in 
the ovaries, the appendix, the uterine corpus, the bowel, 
mucinous carcinoma of urachal type, a mucoid omphal- 
omesenteric cyst of the umbilicus and mucinous carci- 
noma of the common bile duct.!* In addition, a ques- 
ticnable report of pseudomyxoma arising in a gastric 
carcinoma is in the literature.*! The vast majority of 
cases, however, have been of either ovarian or ap- 
pendiceal origin. 

Mucinous carcinoma 
lateral, and when 






vary is frequently bi- 


dimyxoing veritonaei is found, 
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bilaterality of origin should be ruled out if possible. In 
addition, concomitant ovarian and appendiceal involve- 
ment is not uncommon. 

Pseudomyxoma arises in many cases as a direct result 
of the intraperitoneal spread of a malignant process.®7 ° 
10,14-17,19-22 In some cases, the rupture and/or disect 
penetration of the tumor capsule is proven and direet'y 
responsible for the intraperitoneal spread of malignant 
tumor cells and the subsequent development of psen- 
domyxoma peritonaei.'®:** However, other cases have 
been reported in which neither rupture nor penetraticn 
was present, but pseudomyxoma developed neverthe- 
less.1° No good explanation has ever been offered for 
this phenomenon. 

It has been proposed that rupture and slow leakage cf 
mucin into the peritoneal cavity may initiate peritoneal 
metaplasia to a mucin-producing epithelium which then 
produces pseudomyxoma peritonaei.”''° However, there 
is ample support in the literature for the fact that rupture 
of epithelial ovarian neoplasms of any type (especially 
those which are in a clinical stage 1 or of low grade 
malignancy) does not influence survival.®1118 Further- 
more, no report of pseudomyxoma following rupture of 
a serous cystadenocarcinoma can be found, although 
surely serous fluid is as irritating to the peritoneal surface 
as that found in mucinous lesions. 

The severity and rapidity of the course following pse- 
udomyxoma due to ovarian neoplasms is related to the 
degree of malignancy in the underlying neoplasm. Fe- 
cently, a similar spectrum of prognosis has been shown 
to apply to those patients whose pseudomyxoma arose 
in a mucocoele or malignant mucocoele of the appendix"? 
True pseudomyxoma does not usually develop following 
poorly differentiated tumors, apparently because the ne- 
cessary mucin production is not present. 

The low grade of the tumor usually responsible for 
pseudomyxoma explains the lack of visceral invasion 
and metastasis. This makes the lesion compatible with 
a relatively prolonged course.*1#:1°.1°! Reports of dis- 
tant metastases are exceedingly rare. This had led 
some authors®10%-17.21 to assert that pseudomyxoma may 
be associated with benign ovarian or appendiceal lesions. 
In our experience, however, all cases were proven to 
be malignant, on the basis of either cytologic atypia 
or stromal invasion or both. 

Because the ovary is the most common source of the 
syndrome, most patients found to have pseudomyxoma 
are women in the fifth or sixth decade of life."Most pres- 
ent with gastrointestinal complaints and/or weight lass 
over a prolonged period of time. Abdominal distentier 
is a relatively late occurrence. Anemia of unknown eti- 
ology may accompany pseudomyxoma peritonaei'* while 
odd findings such as hypoglycemia have been reported.>? 


The incidence of pseudomyxoma secondary to ovarian 
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neoplasms is difficult to ascertain. If one considers mu- 
cinous cystadenocarcinoma as a source, the reported in- 
cidence ranges from 3.6 to 23.6%.*:7! In the present series, 
pseudomyxoma developed in association with 16% of 
these tumors. Parsons et al.'® and Higa et al.'* reported 
identical 8.8% incidences of pseudomyxoma following 
appendiceal mucocoele. In the present series, a useful 
figure cannot be ascertained because two of our four 
cases involved material from other institutions. 

An aggressive surgical approach to the therapy of 
pseudomyxoma peritonaei has been shown to give the 
best prognosis,’ while intraperitoneal alkylating agents 
may be of value.*:!41 X-ray therapy has been shown 
to be of no value," while systemic chemotherapy is 
generally of little use.'*!° Mucolytic agents have also 
been shown to be of no value,t?%as have radioactive 
gold and urechlorathorine.*.”.'? Estrogen may be of value 
in post-menopausal patients with pseudomyxoma follow- 
ing ovarian tumors.’ 

The prognosis of patients with pseudomyxoma peri- 
tonaei is relatively good. A 45% five-year survival and a 
40% ten-year survival have been reported."” 

Of the patients in the present series with an appendi- 
ceal origin of pseudomyxoma, the only potentially useful 
histologic criterion for the evaluation of prognosis was the 
number of tumor cells present in the mucinous deposits. 
The non-invasive nature of the primary carcinoma in one 
long-term survivor may have also been significant. 

In the primary ovarian tumors the cytologic character 
of the tumor cells was borderline in most cases. In all 
cases stromal invasion was present in the primary and nu- 
merous tumor cells were found within the mucin. A good 
correlation was seen between the histology of the tumor 
cells in the primary and of those seen in the mucin. No 
correlation between survival and the cytologic appearance 
of the tumor cells in either the primary or the mucin was 
present in this group of patients. 


Summary 


Ten patients with the clinical syndrome of pseudomy- 
xoma peritonaei are presented. They represent inter- 
esting and, in some cases, rare aspects of the problem. 
Four of the patients exhibited an appendiceal etiology, 
but no “benign mucocele” was encountered. Among these 
cases the numbers of tumor cells found in the mucinous 
deposits correlated well with survival. All six patients 
whose disease began in the ovary had mucinous cysta- 
denocarcinomas, which were bilateral in three cases. 
The incidence of pseudomyxoma in ovarian mucinous 
cystadenocarcinoma is 16%. Early, aggressive surgical 
therapy proved to be worthwhile. Three of four patients 
with an appendiceal origin are alive at last follow-up (in- 
cluding two at 12 and 24 years, respectively ), while only 
one of six women with an ovarian neoplasm is alive. 
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Another patient with an ovarian primary died of her 
disease after 11 years, exemplifying the not infrequent 
protracted but eventually fatal course. One patient 
showed evidence of visceral invasion, and in another, 
metastasis to retroperitoneal lymph nodes was dbserved. 
The others had extensive intraperitoneal spread without 
visceral invasion or metastasis. 
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Exfoliative Cytology of the Biliary Tract with the Use of 
Saline Irrigation under Choledochoscopic Control 


INCE FIBEROPTICS was recently introduced into the 

medical field, clinical application of the fiberseope 
has widely prevailed in investigating various parts of the 
gastrointestinal tract. In 1965 Shore and Lippman” re- 
ported a flexible choledochoscope for operative observa- 
tion of the lumen of the biliary tract, employment of 
which brought about further progress in operative diag- 
nosis of these areas. 

The authors exploited in the past a fiberoptic chole- 
dochoscope with a balloon at its distal tip,’ and recently 
a fiberoptic choledochoscope equipped with an irriga- 
tion tube.1!.1? Different from the irrigation method hith- 
erto used, our newly modified irrigation tube is equipped 
with a cuff to prevent irrigating fluid from leaking into 
the abdominal cavity thus permitting more dilatiom of 
the biliary tract for better visualization. The fluid flowing 
within the irrigation circuit does not contaminate the 
surgical field, and biliary sands and mud as well as pus 
in the biliary tract are washed away. The irrigation fluid 
is utilized for cytological and bacteriological exami- 
nations. 

Generally speaking, there are relatively few reports on 
the cytology of bile for definitive diagnosis of biliary 
tract diseases. Most of them were done by transoral suc- 
tion of duodenal juice. Therefore, such problems as of 
contamination with cells derived from outside the hepa- 
tobiliary area and of cell destruction due to succus en- 
tericus still remain unsettled. With the recent revival of 
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interest in cytological diagnosis of biliary carcinoma, new 
studies have been reported both by utilizing the gallblad- 
der puncture during peritoneoscopy'’*° and by studying 
bile aspirated during percutaneous transhepatic cho- 
langiography.' In the present paper, authors should like 
to present the results of irrigation cytology performed 
during operative choledochoscopy, which is simple and 
widely applicable to clinical practice. 


Structure of the Fiberoptic Choledochoscope Equipped 
with Irrigation Tube? 


The fiberoptic choledochoscope consists of two parts 
(Fig. 1): the tip of the main body of the scope and the 
irrigation tube constituting the covering tube. Prior to 
practical use, the tip of the scope is introduced into the 
irrigation tube (Fig. 2). The irrigation tube is 7.2 mm in 
external diameter and carries an inflatable cuff at its 
tip. The air-inflated cuff produces a watertight seal be- 
tween the wall of the choledochus and the irrigation tube. 
A packing inside the other end of the irrigation tube 
makes it possible to keep the watertightness between the 
scope and the irrigation tube. Thus, the irrigation tube is 
designed to prevent irrigation fluid from leaking out of 
the choledochotomy incision even when the scope is 
moved for observation (Fig. 3). 

The irrigation tube is also provided with a small-caliber 
tube to inflate the cuff and with an exit for the irrigation 
fluid. A procedure similar to intravenous drip is employed 
for irrigation: a bottle containing physiological saline 


® Made by Olympus Optical Co., Ltd., Hatagaya, Shibuya-ku, 


Tokyo, Japan. 
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Fic. 1. The tip of the choledochoscope equipped with the irriga- 
tion tube. Upper: The tip of the choledochoscope. Lower: Irriga- 
tion tube. 


solution is connected to the irrigation channel housed in 
the main body of the scope. After irrigation fluid has cir- 
culated within the extrahepatic and intrahepacic radi- 
cles of the biliary tract, it is drained extra-abdominally 
from the space between the scope and the irrigatson tube. 
The intermediate portion of the irrigation tube consists 
of transparent pliable vinyl chloride. Operative cyto- 
logical examination may be carried out after collecting 


irrigated fluid. 
Method 


The patients chosen for study included those who were 
undergoing operative choledochoscopy in the Second 
Surgical Department of Chiba University Hospital, Chiba, 
Japan in the past 2 years. The results of cytological exam- 
inations were carefully compared with histologic exami- 
nations of surgical specimens. The method of cbtaining 
bile duct contents was previously reported. The irri- 
gation fluid is collected in the receptacle and immediately 
centrifuged at 2,000 revolutions per minute fo- 5 min- 
utes. The sediment from the specimen may be used for 
preparing smears on several slides. The smears of sedi- 
ment are immediately fixed by dipping into a 50% solution 
of ethylether in ethanol, or by cytospray. Cell staining is 
carried out by method of Giemsa and Papanicolaeu. 


Results 


In 25 cases of collected irrigation fluid following the 
choledochoscopy, seven proved carcinomas were en- 
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Fic. 2. The tip of the choledochoscope inserted into the irrigation 
tube. The cuff at the end of the tube is inflated wit air. 
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Fic. 3. Schematic diagram and usage of the 


distal middle 


choledochoscope. 


countered: gallbladder, 1; choledochus, 2; papilla of 
Vater, 3; and choledochal invasion originated from head 
of the pancreas, 1. The remaining 18 nonmalignant cases 
included choledochus compressed by a pancreatic cvst 
in one, and biliary tract stone in 17; choledocholithiasis in 
nine and cholecysto-choledocholithiasis in eight cases. 
The distribution of patients according to localization of 
pathology is listed in Table 1. Furthermore, cytological 
diagnosis was given as negative (Pap. Cl. I and II), posi- 
tive (Pap. Cl. IV and V) and suspicious (Pap. Cl. III) 
according to Papanicolaou. 

The data from 17 cases with biliary tract stone was 
classified as negative except for one (Case 1). Preopera- 
tive percutaneous transhepatic cholangiography suggested 
this exceptional case as combination of carcinoma of the 
head of the pancreas (Fig. 4). Nevertheless, the operative 
choledochoscopy verified no clinical evidence of malig- 
nancy, cytology also resulted in suspicion (Fig. 5). In 
the three cases with carcinoma of the papilla, one (Case 
2) showed no positive cytological findings, although, cho- 
ledochoscopy had revealed the submucosal invasion of 
carcinomatous tissue (Fig. 6). Figure 7 and Figure 8 rep- 











TABLE 1. Correlation of Cytological Findings to 
Histological Diagnosis 
Papanicolaou Class 
No. of 
Diagnosis I II è IHI IV V Patients 
Choledocholithiasis 5 9 
Cholecysto-choledocholithiasis 5 2 1 8 
Pancreatic cyst 1 1 
Carcinoma of the gallbladder 1 1 
Carcinoma of the choledochus 1 I 2 
Carcinoma of the papilla 1 2 3 
Invasion of pancreatic carci- 
noma to the choledochal wall 1 1 
Total 11 7 2 4 1 25 
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Fic. 4. Percutaneous 
transhepatic cholangio- 
gram Cholecysto-chole- 
docholithiasis and sus- 
picion of carcinoma of 
the head of the pancreas 
(Case 1). Dilatation and 
obstruction at the termi- 
nal portion of the cho- 
ledochus with its smooth 
margin, suggesting the 
extraductal compression 
against the choledochus. 


resent the cytological and histopathologic findings in this 
case. 

In a case of carcinoma of the head of the pancreas 
(Case 3), a number of papillomatous tumors were ob- 
served in the lower portion of the choledochus under the 
choledochoscope, which were regarded as the choledo- 
chal invasion of carcinoma of the head of the pancreas. 
This case was diagnosed histopathologically as papillary 
adenocarcinoma. However, cytological examination failed 
to prove malignancy and classified as Pap. Cl. III ¢ Fig. 
9). The diagnosis of stenosis of biliary tract can not al- 
He be made roentgenologically as illustrated in Case 

4 (Fig. 10). 

Preoperatively this case was concluded as Mirizzi's 
syndrome caused by inflammation with the porcelaneous 
gallbladder as well as the papilloma of the cystic duct. 
On operative exploration the gallbladder was thickened, 
firmly adherent to the choledochus and porcelaneows in 
the lumen. There was no stone in the gallbladder and in 
the choledochus, whereas the papillomatous tumor was 
discovered in the cystic duct. Choledochoscopy foumd no 
further abnormality except for inflammatory changes with 
the attachment of fibrinmass in the hepatic duct mucosa. 
operative cytology disclosed the malignant cells classthed 
as Pap. Cl. IV (Fig. 11). Microscopically the lesions were 
both tubular adenocarcinoma of the gallbladder invacing 


Fic. 5. Cytological ind- 
ing (Case 1) Pap. Cl. 
III. Nuclei are enlarged 
and irregular in size. 
Nucleolei are promiment. 
(Papanicolaou stain, 


x400). 
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Fic. 6. Choledochoscopic 
finding (Case 2). Car- 
cinoma invaded submu- 
cosally at the distal end 
of the choledochus. 
Ragged surface was ob- 
served. 


the choledochus and papillary adenocarcinoma in some 
part of the papilloma. 

A comparison of the accuracy of cytological diagnosis 
with that of the roentgenologic ‘and choledochoscopic in- 
terpretations in 25 cases is listed in Table 2. The X-ray 
report was definitely positive in six cases (24%) among 
them. In the remaining 19 cases (76%), the X-ray exam- 
ination was reported as normal in 17, and as questionably 
benign in one with cholecysto-choledocholithiasis (Case 
1) and in one with pancreatic cyst. No malignant cells 
were detected in the case of the pancreatic cyst, but sus- 
picious diagnosis of carcinoma still remained in the Case 
l by the result of the preoperative percutaneous trans- 
hepatic cholangiography. 

Choledochoscopic examination confirmed the diagnosis 
of malignancy or nonmalignancy except for two carcinoma 
cases of the papilla and the we in which cytology 
picked up malignant cells as Pap. Cl. IV. The accuracy 
of the cytological diagnosis was accurate in 5 (71%) of 7' 
cases of biliary tract carcinoma. With to two false 
negative cases, the one was classified as Pap. Cl. II (Case 
2) and the other as III (Case 3); the details of which 
were explained above. 

The accuracy of diagnosis of the biliary carcinoma 
with cytological examination is summarized in Table 3. 

No false negative observations have been made in the 
carcinoma of the choledochus. However, in three cases of 


Fic. 7. Cytological find- 
ing (Case 2). No ma- 
lignant cells were de- 
tected in this carcinoma. 
This benign cell group 
is characterized by scanty _ 
cytoplasm and uniform 
nuclear structure without 
nuclear atypia. This is 
classified as Pap. Cl. II. 
(Papanicolaou stain, 
x400). 
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Fic. 8. Histopathological 
finding (Case 2). Neo- 
plastic spreæl is confined 
mainly in submucosa, 
slightly uleerating the 
choledochal epithelium. 
(H&E, x40). 


histologically proved carcinoma of the papilla in this 
series, one (Case 2) was classified as Pap. Cl, II, and an- 
other (Case 3) was as suspicious of malignancy (Pap. 
Cl, III) but not verified by cytology. We diagnosed one 
of seven carcinomas as false negative, and on2 as incon- 
clusive. 


Discussion 


While cytological diagnosis of gastrointes-inal tracts 
showed remarkable progress in the past 10 years in Japan 
due to the improvement of fiberoptics, anatomical and 
mechanical limitations have left the cytologice] approach 
to hepatobiliary tract undeveloped despite tie possible 
need for it in diagnosis. Tajima’? pointed out several rea- 
sons which tend to prevent the general use of biliary cy- 
tology: 

l. prognosis of this lesion is discouragingly near hope- 
less with present therapeutic technics, 

2. percutaneous transhepatic cholangiography has still 
some Clinical risk and inflicts pain on the petient, 

3. cells collected from duodenal juice are of-en difficult 
to identify histologically. 

However, in our opinion, biliary lesions are not nec- 
essarily incurable in their early stages, and percutane- 
ous transhepatic cholangiography is now not so danger- 
ous, if carried out with skill. Duodenal juice contains 
various kinds of cells derived from epithelia of the oral 
cavity, esophagus, stomach, duodenum and respiratory 
tracts. The biliary tract has high columnar epthelial cells 
which are similar to columnar cells from duodenum and 
pancreatic duct. Yamagata'® noticed the so-called 
“karyorrhexic cell” found in this biliary tract. Several 
interpretations were made with regard to its onigin: 


Fic. 9. Cytslogical find- 
ing (Case 3) Pap. Cl. 
III. The neclear border 


is thickenel and the 
nucleoli are enlarged. 
(Papanicolaou stain, 
x400). 
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Fic. 10. Percutaneous 
transhepatic cholangio- 
gram Mirizzis syndrome 
with the porcelaneous 
gallbladder and the pap- 
illoma of the cystic duct 
(Case 4), showing a 
small defect with in- 
dented margin present 
somewhat above the 
entry of the cystic duct, 
probably inflammatory 
stenosis of the hepatic 
duct. 


I. histeocytic ( Lyon,” Nieburgs et al." and Yamagata 
et al.'* ) 

2. degenerated hepatic cell as observed in severe 
hepatitis and cholangitis (Henning et al.) 

3. epithelial cells of duodenum and bile ducts de- 
stroyed by bile and pancreatic juice (Fidler, Raskin 
et al.” Hegemann,° Gibbs‘ and Takasu et al.16) 

Therefore, lavage and aspiration from the bile duct, by 
our irrigation tube method, should be the most accurate 
method because it excludes epithelial cells from the other 
sources, In the majority of our specimens, the typical 
karyorrhexic cells were not observed, although some ex- 
tent of karyorrhexis was found in the atypical cell group. 

Therefore, karyorrhexic cells are considered to be 
formed in the course of degeneration of the epithelia of 
the duodenum, bile and pancreatic ducts. In our series, 
so-called “Streichholzzellen” described by Henning® 
were not encountered, although slight elongation of 
cytoplasm was noted in a case of the cholecysto-chole- 
docholithiasis that was classified as Pap. Cl. II. Takasu 
et al.'® found only a few such cells. It is our opinion that 
such cells are derived from the pencil cells? in the 
epithelia of the gallbladder. Cell destruction due to 
bile and pancreatic juice has not been effectively pre- 
vented in the work previously reported, Application of 
the inhibitor to the pancreatic enzymes was once tried in 


Fic. 11. Cytological find- 
ing (Case 4) Pap. Cl. 
IV. This atypical cell 
group is characterized by 
with increased chro- 
matine, prominent nu- 
cleoli and thickening 
nuclear border. ( Papani- 
colaou stain, X400). 
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TABLE 2. X-ray, Choledochoscopic, Cytological versus Wistopathological Diagnosis in 25 Cases of Biliary Ductal Disease 
X-ray Choledochmscopic Cytological Histopathological 
No. % No. % No. % No. % 
Malignant 6 24 5 20 5 20 6 24 
Inconclusive 2 8 1 4 2 8 1 4 
Non-malignant 17 68 19 76 18 a2 18 12 
TABLE 3. Reliability of Results of X-ray, Choledochoscopic, Cytolagical versus Histopathological Diagnosis in 7 Patients with Biliary Carcinoma 
Name Yrs. Sex X-ray Choledochoscopic Cytological Histopathological 
Carcinoma of the Gallbladder RH, 64 Q — -+ A 
(Case 4) 
Carcinoma of the Choledochus S.A 55 F + + | + 
M. I 74 g st- i g -+ + 
Carcinoma of the Papilla Ti <0 of + + — -+ 
(Case 2) 
KS. A Q + — $ J 
Y: A. a2 of + -+ - T 
Invasion of Pancreatic Carcinoma to the M. I. a2 e4 L +t tf -+ 
Choledochal Wall (Case 3) 








vain.! Irrigation cytology gives a satisfactory result ve- 
cause the physiologic saline solution dilutes the bile and 
consequently prevents the cell destruction. The irri za- 
tion flow helps the exfoliation of epithelial cells. 

In seven carcinomas of the biliary tract, most of -þe 
specimens showed hypertrophy of both nuclei and mu- 
cleoli, usually accompanied by the thickening of -he 
nuclear border whereas typical nuclear atypia was mot 
frequently present. These findings are considered to be 
characteristics of the adenocarcinoma cells. The intra- 
nuclear structure of these cells should be completly 
examined under high magnification on suspicious mag- 
nant specimens. In a case of submucous invasion of œr- 
cinoma of the papilla (Case 2), the pathologic condi- 
tion was unfavorable to cytological examination. 

Since ampullary carcinomas often advance submucas- 
ally’? with scant ulceration, the examination of choledo- 
chal epithelia may not permit the detection of the malig- 
nant cells. We were not able to ascertain the malignancy 
of Case 1 from the findings of moderate hypertrophy of 
nuclei and nucleolar abnormality. Besides, percutaneons 
transhepatic cholangiography had preoperatively sag- 
gested the extrinsic compression at the distal portion of 
the choledochus probably due to carcinoma of the head 
of the pancreas. Akashi et al." has already reported the 
slightly dysplastic cells in the biliary tract, but operat ve 
findings and cytological study proved them to be cue 
to inflammatory diseases and gallstones. Of the cytologi- 
cal results of 18 benign cases, 11 cases are classified as 
Pap. Cl. I and 6 as I; the latter reflected some degree 
of nuclear pleomorphism and irregular nuclear borders 
which will be ascribed to the cell destruction. The Case 
3 of those histologically diagnosed as papillary ademo- 
carcinoma, revealed cytological findings of Pap. Cl. iT. 

All cancer cells do not necessarily exhibit apparent 


malignant morphology. This has sometimes been named 
minimum deviation. Therefore, the occurrence of some 
types of carcinoma cells with minimum nuclear atypia 
may limit the accuracy of cytological diagnosis. In some 
of these cases, other diagnostic approaches may comple- 
ment cytology. 


Summary 


Cytological examination of the sediment obtained by 
collecting the irrigation fluid during the fiberoptic 
choledochoscopy has been performed in 25 cases of 
biliary tract disease and appears to be a valuable diag- 
nostic measure for tumors in the biliary tract. Our data 
indicate this practical importance of exfoliative biliary 
cytology as a routine procedure, accompanying roent- 
genologic and endoscopic examinations. 

l. Eighteen of the 25 patients had benign disease 
including 9 with choledocholithiasis and 8 with chole- 
cysto-choledocholithiasis and one with a pancreatic cyst, 
none showed malignancy except one which was clas- 
sified as Pap. Cl. II. 

2. The remaining seven malignant cases included one 
of carcinoma of the gallbladder, two of the choledochus, 
three of the papilla and one of submucosal invasion to 
the choledochal wall originating from carcinoma of the 
head of the pancreas. These demonstrated to be malig- 
nant by exfoliative cytology with the exception of two 
cases: the one was classified as Pap. Cl. II in the case of 
submucosal invasion, the other as Pap. Cl. III. The latter 
had carcinoma of the head of the pancreas. The former 
false negative result was due to the fact that there was 
little ulceration found on the choledochal wall where the 
carcinoma had spread chiefly submucosally, the latter 
may suggest a limitation of the cytological technic. 

3. Morphology of malignant cells in the biliary tract is 
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characterized by prominent nucleus, enlargement of 
nucleus and some nuclear atypia. 
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Amino Acid Response to Open-Heart Surgery 


HERBERT W. WALLACE, M.D., ELIZABETH, D. MOOZ, PH.D." 


LTERATIONS IN plasma amino acid concentrations 
have been observed in a variety of patholozic 
conditions. Iber et al. noted increases in patients with 
severe hepatic failure. In hemorrhagic, septic and cardio- 
genic shock, LaBrosse et al.* found that plasma levels 
of some individual amino acids were significantly in- 
creased, while others were significantly decreased, Man 
et al.1° reported decreased plasma levels of a-ammo 
nitrogen following operation, and Everson and Fritsche!* 
noted a significant decrease in the mean total plasma 
concentration of the ten essential amino acids on the 
first postoperative day in surgical patients and after 2 
hours of ether anesthesia in dogs. However, Lurje” 
found elevated levels of blood amino nitrogen in pa- 
tients subjected to severe surgical trauma and observed 
that these increases were absent or much less marked 
when the nerve supply to the liver was partially or 
totally blocked by paravertebral or splanchnic anesthesia. 
In a study of five open-heart surgical patients Dimililer 
and Trout? noted a steady increase in the plasma concen- 
tration of amino acids during cardiopulmonary bypass 
and for the first 4 hours after bypass, followed by a grad- 
ual return to normal levels over the next 2 to 3 days. They 
also observed a marked increase in most amino acids 
when dog blood was pumped in vitro.” They proposed 
that these increases might be due either to a breakdown 
of plasma proteins resulting from the mechanical trauma 
of pumping or to the release of proteolytic enzymes 
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from the blood that could utilize denatured plasma 
protein as a substrate to produce amino acids. The 
liberation of amino acids and peptides from fatty sub- 
stances or other constituents of the blood was also hypo- 
thesized.2 Fat emboli have been found in various organs 
following cardiopulmonary bypass.'? Lee et al.8 demon- 
strated significant denaturation of plasma proteins by 
disc, bubble and screen oxygenators. 

The present investigation was undertaken to evaluate 
possible amino acid alterations associated with open- 
heart surgery. An understanding of such processes may 
prove useful in the development of safer methods of 
prolonged perfusion. 


Methods 
In Vitro 


The extracorporeal apparatus used in all of the experi- 
ments consisted of a roller pump with a bubble oxygena- 
tor ( Bentley, Inc., Santa Clara, Calif.) and sterile Tygon 
tubing. Twelve in vitro studies were performed with 
and without oxygenation. The pump was primed with 
(1) 500 ml. of 5% dextrose in saline and 500 ml. of 
heparinized human fresh whole blood, or (2) amounts 
of red cells, buffy coat, plasma or combinations of these 
blood components equivalent to that obtained from 
500 ml. of blood, with enough 5% dextrose in saline to 
keep the volume constant. Circulation was carried out for 
4 hours at room temperature at flow rates ranging from 
1000 to 1500 ml./min. Samples obtained before and 
every 30 minutes during the experimental period were 
analyzed for plasma a-amino nitrogen and hemoglobin 
concentrations. An equal volume of each prime was kept 
in identical, sterile Tygon tubing for 4 hours, and samples 
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were obtained every 30 minutes. Aliquots of the pumped 
and unpumped whole blood and blood components were 
then incubated for 2 hours at 37°C., and the tota. plasma 
amino acid concentrations were determined. 


In Vivo, Clinical 


Thirty-eight patients who underwent a variety of 
open-heart procedures with the same anesthetic technics 
were studied. The pump prime consisted of 1500 ml. of 
electrolyte solution (Normosol, Abbott Laberatories, 
Chicago, Ill.), 500 ml. of 10% dextran in normal saline 
(Rheomacrodex, Pharmacia Laboratories, Inc. Piscata- 
way, N.J.), 2 Gm. of ascorbic acid, and 24 mEq. of 
sodium bicarbonate. Perfusions were conductec at flow 
rates ranging from 75 to 80 ml./Kg. per minute for a 
mean duration of 90 minutes (at 27 C. during the first 
75 minutes in a majority of cases). Samples of heparinized 
blood obtained before bypass, every 10 minutes during 
bypass, immediately after bypass, 2 to 4 hours after 
bypass, and daily for up to 20 days postoperativ2ly were 
analyzed for plasma a-amino nitrogen concentration. The 
plasma hemoglobin concentration and blood 2H, Poz 
and Pco» were also determined. Eight patients who were 
anesthetized in the same manner as the open-hecrt surgi- 
cal patients but who underwent other types of major 
surgical procedures (e.g., cholecystectomy, gast-ectomy, 
closed mitral commissurotomy) served as the control 
group for these experiments. 


In Vivo, Experimental 


Studies were performed on three adult mongrel dogs 
anesthetized with intravenous pentobarbital, 30 mg./ 
Kg., and maintained prior to bypass with a ctffed en- 
dotracheal tube and a mechanical ventilator. A laparot- 
“omy and a right thoracotomy were performed, and poly- 
ethylene catheters were inserted into the inferior vena 
cava just above the hepatic veins via the externa jugular 
vein and into the portal vein via a branch. The animal 
was heparinized (30 units/Kg.), and the right femoral 
artery and right atrium were cannulated for bypass. 
The extracorporeal apparatus was the same as that used 
clinically, but it was primed with 200 ml. of lactated 
Ringer's solution. Cardiopulmonary bypass was carried 
out for 2 hours at rates ranging from 70 to 80 ml.’Kg. per 
minute at 27 to 30 C. Samples of blood from the supra- 
hepatic inferior vena cava, the portal vein and the femo- 
ral artery were obtained before bypass, 5 minuces after 
the onset of bypass and every 20 minutes thereafter for 
determination of plasma amino acid concentration, 
plasma hemoglobin concentration, pH, Poy and Pcos. 


Analytical Methods 


Preparation of amino acid filtrate: Blood samples were 
drawn in heparinized syringes, which were kept on ice 
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until amino acid filtrates of the plasmas were prepared 
(within 10 to 15 minutes of collection). One milliliter 
of plasma was mixed with 8 ml. of water, 0.5 ml. of 
0.67 N HSO; and 0.5 ml. of 10% sodium tungstate, and 
filtered. 

Determination of a-amino nitrogen: After evaluating 
various procedures for the determination of a-amino 
acid nitrogen in plasma, we chose that of Rapp,’ which 
uses 1-fluoro-2, 4 dinitrobenzene (Eastman Kodak, 
Rochester, N.Y.). For this test a significant change in 
amino acid concentration is represented by 2 x SEM 
= 0.3 mg. Normal plasma amino acid levels range from 
4 to 6 mg./100 ml. 

Quantitative determination of amino acid concentra- 
tions: Quantitative determination of amino acid concen- 
trations was carried out by the procedure of Stein and 
Moore!’ with a Beckman Amino Acid Analyzer (Beck- 
man Instruments, Fullerton, Calif.) on blood samples 
of patients undergoing open-heart or general surgical 
procedures. 

Plasma hemoglobin and blood gas determinations: 
Blood pH was measured with a thermostated capillary 
glass electrode (Radiometer, Copenhagen, Denmark), 
Po, with a Clark electrode, and Pco by the method of 
Siggaard Andersen et al.1t Plasma hemoglobin concentra- 
tions were determined by the method of Crosby and 
Furth.! 


Results 
In Vitro Experiments 


No significant change occurred in the plasma concen- 
tration of amino acids when whole blood, red blood cells, 
buffy coat, plasma, or combinations of these blood com- 
ponents were circulated for 4 hours with or without 
oxygenation. However, when red blood cells were in- 
cluded in the prime, the plasma hemoglobin concentra- 
tion increased during pumping, indicating that hemolysis 
had occurred. When samples of whole blood or blood 
components that had been pumped or allowed to stand 
for 4 hours were incubated for 2 hours at 37 C., no signi- 
ficant change took place in the plasma amino acid con- 
centration. 


Open-Heart Surgical Patients 


Preoperative plasma total amino acid concentrations 
were above the normal range in 55% of these patients, 
with a group mean of 7.6 + SE 0.4 mg./ml. Changes in 
the mean plasma amino acid concentration are shown in 
Figure 1. At the initiation of bypass the amino acid 
concentration decreased. This decrease was probably 
due to the hemodilution utilized in the perfusion technic. 
Shortly after the onset of bypass there was a significant 
increase toward the preoperative value, and this level 
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Fic. 1. Mean per cent change in plasma amino acid concem‘ration 
in 38 open-heart surgical patients during and after heart-lung 
bypass. 


remained relatively constant throughout the procedure. 
Since hemodilution was continued throughout the per- 
fusion without a significant change in hematocrit. this 
increase was probably real and not a result of changes in 
fluid distribution. Four hours after extracorporeal circu- 
lation was terminated the amino acid concentration was 
markedly elevated compared to the preoperative level. 
A subsequent decrease toward the preoperative level 
beginning on the first postoperative day and continuing 
through the first week was terminated by a second in- 
crease between the eighth and tenth days. By the four- 
teenth to sixteenth postoperative day the amino acid con- 
centration had returned toward the preoperative level. 
The maximal increase in amino acid concentration during 
the postoperative period ranged between 100% and 400% 
of the preoperative value. 

Because of individual patient variations it is dificult 
to distinguish the rises and falls seen during and after 
perfusion by evaluating mean values alone. Figure 2 
illustrates the responses of one patient which were 
typical of the majority, i.e., a significant increase in the 
plasma amino acid concentration during perfusion and 
a second marked increase post-perfusion. Three patients 
showed a marked increase which was sustained after 
perfusion (Fig. 3). 

The plasma hemoglobin level did not exceed 100 
mg./100 ml. in any of the open-heart cases. The maximal 
plasma hemoglobin concentration appeared at the end 
of the bypass procedure. 

In order to identify the individual amino acid or 
groups of amino acids that increased during bypass, 
protein-free samples of plasma from three patients were 
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Fic. 2. Alterations in a-amino acid nitrogen of a single patient 
which are representative of the majority of the open-heart group. 


subjected to a quantitative amino acid analysis. The re- 
sults of one such analysis are shown in Table 1. The amino 
acid concentration post-perfusion was about 3% times 
that obtained at the onset of bypass. Almost all of the 
amino acids increased, especially alanine, arginine and 
methionine. The concentration of alanine was the most 
elevated in all three plasma samples. As a group, the 
basic amino acids appeared to be increased after bypass. 
In all three samples the amino acid analysis revealed 
a large unknown peak in the basic region that was eluted 
just before lysine; it was definitely not orthinine or car- 
nosine, because when these standards were put on the 
basic column they were eluted at a different place from 
the unknown. In order to determine whether the new 
peak was an amino acid, an amino acid derivative, or a 
peptide, a sample of the protein-free plasma was hydro- ` 
lyzed for 24 hours at 100 C. in 6 N HCI and rerun in the 
analyzer. There was no change in the elution pattern, 
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Fic. 3. Plasma amino acid changes of three patients who ex- 
hibited a sustained postoperative elevation. 
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TABLE 1. Plasma Amino Acid Analysts of an Open-Feart Patient 

Plasma Concentration 
(umoles/ml- 
Amino Acid On Perfusion Off Perfusion 

Alanine 211 1578 
Arginine 28 184 
Aspartic acid 24 59 
Cysteine if 157 
Glutamic acid 170 579 
Glycine 195 654 
Histidine 75 210 
Isoleucine 59 140 
Leucine 130 389 
Lysine 231 717 
Methionine 10 66 
Phenylalanine 56 227 
Proline 190 741 
Serine 262 714 
Threonine 203 387 
Tyrosine 54 218 
Valine 203 567 
Total 2178 7587 





which suggests that the unknown is not a peptide. This 
unknown peak was not found in plasma samples from 
two general surgical patients or those obtzcined pre- 
operatively from open-heart patients. 


General Surgical Patients 


In six of the eight control patients the preoperative 
value was above the normal range, and the mean for 
the group was 8.6 mg./100 ml. During the general surgical 
procedures plasma amino acid levels did nct increase 
significantly, and the mean value 4 hours postcperatively 
was 6.0 + SE 0.4 mg./100 ml. Postoperatively however, 
the eight control patients showed a postoperative re- 


= sponse similar to that of the open-heart patients, with a 


* rise in the amino acid concentration beginning about 
the fourth day and reaching a maximum by the fifth 
to seventh day and a return toward normal values by 
the second week. . 


In Vivo Dog Studies 


Figure 4 shows typical results obtained frem one of 
the in vivo animal experiments. The amino acid con- 
centration of the inferior vena caval blood was signif- 
icantly greater than that of the prehepatic Hood. The 
Po, data indicate that the arterial blood was well oxy- 
genated, while the portal venous and inferior ena caval 
blood contained low concentrations of oxygen. This in- 
creased arterial-venous O. difference may reflect poor 
organ perfusion. 


Discussion 


The in vitro results obtained in our study are not in 
accord with those presented by Dimililer and Trout23 
We found that under controlled conditions of pumping 
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Fic. 4. Prehepatic and posthepatic plasma amino acid and blood 
gas changes in dogs during extracorporeal circulation. 


and standing, with or without subsequent incubation at 
37 C. for 2 hours, the plasma concentration of free amino 
acids did not increase. These findings negate the hypo- 
thesis that an enzyme (such as a protease) released 
during extracorporeal circulation reacts with denatured 
protein to produce elevated levels of free amino acids. 
The results of our bypass experiments with dogs suggest 
that the excess amino acids may originate in the liver, 
since the amino acid concentration was higher in the 
inferior vena caval blood than in the arterial or portal 
venous blood. Whether this increase represents an in- 
creased production of amino acids or a degradation of 
protein has not been determined. At any rate, the data 
suggest that the increased plasma concentration of 
amino acids observed during open-heart surgery may 
reflect hepatic hypoxia secondary to poor tissue per- 
fusion. 

It is interesting that the general surgical patients did 
not show an increase in plasma amino acids during the 
surgical procedure but did exhibit a postoperative in- 
crease similar to that of the open-heart patients. This 
increase may be a general phenomenon related to 
normal tissue repair. Our findings are contrary to those 
of Man,'° who reported low plasma amino acid levels on 
the first postoperative day and until recovery was well 
advanced. We have not yet determined whether the 
postoperative rise in the amino acid concentration 
results from the same alterations of amino acids or amino 
acid derivations observed during perfusion. 

The quantitative analysis of individual amino acid 
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samples at the end of perfusion revealed a large basic 
peak that was eluted just before lysine. Since this basic 
peak was not altered as a result of acid hydrolysis, 
it seems most likely that it is an amino acid not usually 
circulating in the bloodstream in significant amounts 
or an amino acid derivative such as hydroxylysine or 
methylhistidine. In order to identify this substance and 
determine how, when and for how long it appears, 
analysis of additional samples is required. 

It has been recognized for years that certain levels of 
blood amino acids are toxic.*!! Therefore, the ammo 
acid elevations observed during extracorporeal circulation 
and postoperatively warrant further investigation to 
ascertain their effects upon the recovery of the patient. 


Summary 


Elevated plasma amino acid concentrations during 
extracorporeal circulation have been reported. In order 
to evaluate the mechanisms responsible, plasma ammo 
acid levels of 38 patients undergoing open-heart surgery 
and eight patients undergoing other major surgical 
procedures were measured. In vitro studies and animal 
experiments were also performed. In the open-heart pa- 
tients the amino acid levels increased significantly during 
bypass. No elevation of the amino acid concentration 
occurred during the general surgical procedures or in 
any of the in vitro studies. In both groups of patients the 
amino acid concentration incraased postoperatively, re- 
turning toward the preoperative level by the end of 
the second week. In the dog experiments the ammo 
acid levels rose significantly in the inferior vena caval 
blood when compared with the prehepatic blood. 

The increase in amino acid concentration during 
bypass appears to be a physiologic response unrelated 
to protein denaturation and possibly secondary to 
hepatic hypoxia, which may produce an enzymatic 
block in protein synthesis. The postoperative rise in amino 
acid levels may reflect the reparative process. 
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Anaerobic bacteria — (Including species of 
Bacteroides, Fusobacterium, Propionibacterium, Eubac- 
terium, Actinomyces, Peptococcus, Peptostreptococcus, 








Streptococci— (Streptococci except Streptococcus microaerophilic streptococci and Clostridium.) 
faecalis.) Septicemia; intra-abdominal infections such as 
Septicemia, infections of soft tissue, skin, wpper and peritonitis and intra-abdominal abscess; infections of the 
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There are good reasons to consider Cleocin Phos- 
phate (clindamycin phosphate injection) as the initial 
drug when indicated in moderate to severe infections 
caused by susceptible strains of staph, strep** and 
pneumococci. 

Clinically and bacteriologically, clindamycin has 
proved effective in patients with penicillin-resistant 
staphylococcal infections. Cleocin POs is effective against 
penicillinase-producing staphylococci. However, orga- 
nisms resistant to clindamycin have been encountered and 
sensitivity testing should be performed. 

Cleocin PO, is useful in patients who are sensitive 
to penicillin. Rare cases of sensitivity to clindamycin 
resulting in maculopapular rash and urticaria have been 
reported and, as with all antibiotics, it should be used 
cautiously in atopic patients. SERIOUS ANAPHYLAC- 
TOID REACTIONS REQUIRE IMMEDIATE EMERGENCY 
TREATMENT WITH EPINEPHRINE. OXYGEN AND 
INTRAVENOUS CORTICOSTEROIDS SHOULD ALSO 
BE ADMINISTERED AS INDICATED. However, clinda- 
mycin’s only demonstrable cross antigenicity is with 
lincomycin. Thus it can fill a need for both penicillin- 
sensitive patients and those with penicillin-resistant 
pathogens. 


Useful as initial therapy... 
with a bonus. Cleocin POs is 
indicated for more than the treat- 
ment of susceptible gram-positive 
organisms*™ It has the bonus of 
activity against anaerobes. For these 
obscure and potentially lethal 
pathogens, it may merit early 
consideration. 


Anaerobes: ubiquitous 
opportunists. Anaerobes are the 
dominant population group among 
the resident flora of the human 
body. They are abundant in the 
oropharynx, female genital tract, and 
inthe gut where they constitute 95% 
of normal fecal flora, outnumbering 
Escherichia coli 1,000 to 1. 

Except for Clostridium, which became notorious 
during World War I, anaerobes have often been dismissed 
as harmless saprophytes. Only recently have they begun to 
be recognized as a major source of serious infection. 

When trauma, surgery, or weakened bodily defenses 
allow them to spill into the peritoneal cavity, or invade the 
bloodstream or compromised tissue, they can become 
lethal opportunists. 





**Injectable benzathine penicillin is considered to be the drug of choice 
in treatment and prevention of streptococcal pharyngitis and its 
long-term prophylaxis of rheumatic fever. 


For further prescribing information, please see last page of this advertisement. 


An injectable antibiotic 
for staph, strep, pneumococci... 


*susceptible strains of the 














When the medium has no 
message. Anaerobes are the most 
easily missed category of poten- 
tially pathogenic bacteria. Often 
their presence can only be inferred 
when a lesion that shows abundant 
bacteria on a Gram-stained slide 
yields an apparently sterile culture 
with routine aerobic methods. 

Anaerobes require meticulous collection and special 
culture techniques. Even a brief exposure to air can kill 
many of them. Most are fastidious, and they may require 
as much as ten days’ incubation to reveal their presence. 
Insome busy laboratories, plates are discarded prematurely; 
in others, anaerobic cultures are rarely even made. 


The problem of Bacteroides. Bacteroides are the 
most numerous of the anaerobic bacteria and the ones 
most frequently found in clinically significant anaerobic 
infections. Bacteroides species have been identified in 
approximately half of surgical infections caused by 
anaerobic organisms. 

Although most Bacteroides species are sensitive to 
penicillin, a frequent exception is Bacteroides fragilis— 
the most commonly encountered pathogen in the genus. 
This, the most prevalent of anaerobic pathogens, has 
remained the most difficult to eradicate. Despite anti- 
biotic therapy, Bacteroides septicemia has proved fatal in 
30% to 40% of patients afflicted. 


A complete bibliography is available from The Upjohn Company. 
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Improving the odds against anaerozes. In 
anaerobic infections the therapeutic significance of 
Cleocin PO; (clindamycin phosphate injection) is best 
recognized in the context of the seriousness of many of the 
infections successfully treated. All but one of -he clinically 
and bacteriologically evaluatable patients in -he pre- 
introductory study group had moderate to severe infections. 
Most had one or more complicating illnesses nd, in many, 
host defenses were severely compromised by traumatic 
injuries, neoplastic disease, or radical surgery 

Anaerobic infections developed in many as a sequel 
to massive abdominal gunshot or stab wounds, multiple 
fractures, or surgery of the gastrointestinal or female 
genital tract. 

Clinical diagnoses included septicemia deep 
abscesses of the lungs and various sites in theabdominal 
cavity and female genital tract, and cases of peritonitis, 
empyema, endometritis, postsurgical vaginalcuff infec- 
tions and anaerobic pneumonitis. In many cases multiple 
antibiotic regimens, alone or in combination, had failed 
to control the infection before Cleocin PO, therapy was 
initiated. 

Serum levels of clindamycin above the `n vitro 
minimum inhibitory concentration for most -ndicated 
organisms can be readily achieved and maintained. The 
minimum inhibitory concentration in vitro for anaerobes 
is generally 1.6 mcg/ml or less. 


When you suspect an anaerobe. Cleocin PO, 
(clindamycin phosphate injection) is demons-rably 
effective in anaerobic infections. But with or without the 
availability of effective antibiotics, the principal problem 
in managing these infections is recognizing them. 

A questioning mind and a sensitive nos are the 
first and second prerequisites, respectively. Deep necrotic 
lesions are a potential breeding ground for anaerobes, 
particularly if located near the oropharynx, tke female 
genital tract, or the gut. Contamination from these areas 
enhances the risk of infection, as does compramised host 
resistance. A foul or fecal-smelling lesion or exudate 
suggests anaerobic infection. Organisms that are visible on 
the Gram-stained slide but fail to grow on corventional 
aerobic culture media may be anaerobes. 

As with any infection, specimens for cu turing and 
susceptibility testing should be collected before therapy 
begins. At present, since disc susceptibility testing with 
present methods is not reliable for anaerobes, én vitro 
dilution methods should be used to determine suscepti- 
bility. In severe anaerobic infections, treatmemt may be 
started before a definitive diagnosis is made. 

If it’s a gram-positive coccal infection, there are 
several alternatives. 

If you suspect an anaerobe, consider Clescin PO}. 
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POTENTIAL ANAEROBIC INFECTIONS 





dental infections 





empyema 
pneumonitis 
lung abscesses 





septicemia 





peritonitis 
intra-abdominal abscesses 


tubo-ovarian abscesses 
endometritis 
vaginal-cuff infections 


deep infected wounds 


Predictable serum levels... 


predictably maintained. Cleocin PO, is a water-soluble 
ester of clindamycin and phosphoric acid which hydrolyzes 
into biologically active clindamycin base within minutes 
of infusion. Peak serum concentrations of active anti- 
biotic are reached in ten minutes following a 300 mg 
intravenous dose. With intra-muscular administration, 
peak levels are achieved within three hours in adults and 
one hour in children. 

Serum levels of clindamycin above the in vitro 
minimum inhibitory concentrations for most indicated 
organisms can be maintained by administration of clinda- 
mycin phosphate every 8-12 hours in adults and every 6-8 
hours in children, or by continuous intravenous infusion. 

Dosage schedules need not be modified in the pres- 
ence of mild or moderate renal or hepatic disease. However, 
patients with very severe renal disease and/or very severe 
hepatic disease accompanied by severe metabolic aberra- 
tions should be dosed with caution, and serum clindamycin 
levels monitored during high-dose therapy. Elevations of 
serum transaminases have been observed during therapy 
with Cleocin PO, (clindamycin phosphate injection). 

Cleocin PO, should not be injected intravenously 
undiluted as a bolus, but should be infused over at least 
10-60 minutes as directed in the Dosage and Administration 
section of the prescribing information. 
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clindamycin ohosphate injection, Upjohn 


FORINTRAVENOUS AND INTRAMUSCULAR USE 


- Effective parenteral 








Each ml contains: 


clindamycin phosphate equivalent to . 150 mg 
clindamycin base 
bnl alohol aahi neaten lenak ee Hoes 5 mg 


disodium edetate ck doe be Hk SS oN Ee EK Ee hws 0.5 mg 
water for injection................. 
When necessary, pH adjusted with NaOH and/or HCl. 


Description and Actions: Cleocin Phosphate (clindamycm 
phosphate) is a water-soluble phosphate ester of clinda- 
mycin. Clindamycin is a semisynthetic antibiotic which 
has greater in vitro potency than the parent compound. 
lincomycin. While clindamycin phosphate is inactive, 
rapid in vivo hydrolysis converts it into the antibacterially 
active clindamycin. 

Indications: Cleocin Phosphate is indicated in the treat- 
ment of infections caused by susceptible strains of the follow- 
ing microorganisms: 

Streptococci: Upper respiratory-tract infections (Inject- 
able benzathine penicillin is considered to be the drug ot 
choice in treatment and prevention of streptococcal phar- 
yngitis and in long-term prophylaxis of rheumatic fever. 
Cleocin Phosphate is effective in the eradication of strep- 
tococci from the nasopharynx; however, data establishing 
the efficacy of Cleocin Phosphate in the subsequent pre- 
vention of rheumatic fever are not available at present.): 
lower respiratory-tract infections; skin and soft-tissue in- 
fections; septicemia. 

Staphylococci: Upper and lower respiratory-tract infec- 
tions; skin and soft-tissue infections; septicemia. 

Pneumococci: Upper and lower respiratory-tract infec- 
tions. 

Anaerobic bacteria: Lower respiratory-tract infections 
such as empyema, anaerobic pneumonitis and lung abscess; 
skin and soft-tissue infections; septicemia; intra-abdominal 
infections, such as peritonitis and intra-abdominal abscess 
(typically resulting from anaerobic organisms resident in 
the normal gastrointestinal tract); infections of the female 
pelvis and genital tract such as endometritis, nongonococca| 
tubo-ovarian abscess, pelvic cellulitis, and postsurgical! 
vaginal-cuff infection. 

Cleocin (clindamycin) is indicated as adjunctive therapy 
in dental infections due to susceptible organisms. 

Bacteriologic studies to determine the causative organ- 
isms should be performed and their susceptibility to Cleocin 
tested. 

Contraindications: History of hypersensitivity to clinda- 
mycin or lincomycin. 














Cleocin POa 


therapy against 
susceptible gram-positive 
cocci and anaerobes 








Warnings: Usage in Pregnancy: Safety for use in pregnancy 
has not been established. 

Usage in Newborns and Infants: When clindamycin 
phosphate is administered toinfants, appropriate monitoring 
of organ system functions is desirable. Safety and appropri- 
ate dosages in infants less than one month old have not been 
established. 

Antagonism has been demonstrated between clindamycin 
and erythromycin in vitro. Because of possible clinical 
significance, these two drugs should not be administered 
concurrently. 

Serious anaphylactoid reactions require immediate 
emergency treatment with epinephrine. Oxygen and in- 
travenous corticosteroids should also be administered as 
indicated. 

Precautions: Prescribe with caution in atopic individuals. 
During prolonged therapy, periodic liver and kidney func- 
tion tests and blood counts should be performed. Use may 
result in overgrowth of nonsusceptible organisms— 
particularly yeasts. Should superinfections occur, adjust 
therapy as clinical situation dictates. Clindamycin phos- 
phate should not be injected intravenously as an undiluted 
bolus; it should be infused as directed in package insert. 
Patients with very severe renal disease and/or very severe 
hepatic disease accompanied by severe metabolic aberra- 
tions should be dosed with caution, and serum clindamycin 
levels monitored during high-dose therapy. 

Adverse Reactions: The following reactions have been 
reported in clinical studies with clindamycin phosphate. 
Local Reactions: Pain, induration, and sterile abscess have 
been reported after intramuscular injection, and throm- 
bophlebitis after intravenous infusion. Reactions can be 
minimized or avoided by giving deep intramuscular in- 
jections and avoiding prolonged use of indwelling intra- 
venous catheters. Gastrointestinal: The symptoms include 
nausea, vomiting, and diarrhea; relationship to parenteral 
clindamycin therapy is unknown. Hypersensitivity Reac- 
tions: Maculopapular rash and urticaria have been observed 
during drug therapy. If a hypersensitivity reaction occurs, 
the drug should be discontinued. Liver: Abnormalities in 
liver function tests (elevations of serum transaminases) 
have been observed during clindamycin phosphate therapy. 
Hematopoietic: Transient neutropenia (leukopenia) and 
eosinophilia have been reported; relationship to therapy 
is unknown. 

How Supplied: 2, 4, and 6 ml ampoules. 

For additional product information see your Upjohn 
representative. Caution: Federal law prohibits dispensing 


without prescription. MED B-1 (MCP-2) J 3349-9 
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FOR INTRAVENOUS AND INTRAMUSCULAR USE 


| Upjohn | The Upjohn Company 
Kalamazoo, Michigan 49001 
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Electrocardiograph 


Start with the basic 
mobile ECG — solid- 


state; pátient-isolated; 
automatic lead marking. 


ECG with Monitor 


Add the CS/515 Monitor/Heart Rate 
Meter and a stabilizer for the stand to 
give you a l-bed ICU, or an ideal 
combination for surgery, recovery or 


emergency room. 


Complete Compact Coronary Care Center 
Add the defibrillator/ synchronizer for a versatile low-ccst 
combination for interim intensive care or graded 


stress-testing. 





MONITORING 
ERSATILITY TAILORED 
TO YOUR NEEDS 








on Mobile Stand 


BURDICK’S MOBILE COMPACT CORONARY CARE CENTER 

Burdick has developed a sensible and economical approach to building 
your monitoring capabiliies tailored to need. It answers the three demands of 
sound operational economy — mobility, versatility, and equipment utilization 
between departments. Using the proven concepts of the Burdick CCCC you 
buy the components as you need them. 


For a brochure and additional supportive data, contact your Burdick 
dealer or write The Burdick Corporation, Milton, Wis. 53563. 
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e the return 


The versatility of Phenergan can make it a useful 
medication following surgery, both in the recovery room 
and back in the ward. 

Phenergan helps you prevent and control nausea and 
vomiting associated with certain types of anesthesia and 
surgery. Also, Phenergan may be given as an adjunct to 
analgesics to help control postoperative pain* 

In addition, you can use Phenergan to help provide 
sedation. It helps allay apprehension and provide a light 
sleep from which your patients can be easily awakened. 

You can even administer Phenergan IM or IV+ 
Phenergan. Versatile. 


INJECTION 


PHENERGAN 


(PROMETHAZINE HCI ) e 


t 


*Because Phenergan adds to the sedative effects of CNS de- 
pressants, including narcotics, such'agents should either be 
eliminated or used in reduced dosage in the presence of pro- 
methazine 


F 


trip a smooth 


Indications: Promethazine HCI injection is indicated when the ora form 
is impractical for: Amelioration and prevention of allergic reacticns to 
blood or plasma in patients with known history of such reactions; in 
anaphylaxis as an adjunct to epinephrine and other standard measures 
after acute symptoms have been controlled; for other uncomplicated 
allergic conditions ofthe immediate type when oral therapy is impossible 
or contraindicated; active treatment of motion sickness; preoperative, 
postoperative and obstetric (during labor) sedation; prevention ane con- 
trol of nausea and vomiting associated with certain types of anesthesia 
and surgery, as an adjunct to analgesics to control postoperative pain: 
for sedation and relief of apprehension and to produce light sleeg from 
which the patient can be easily aroused; intravenously in special su-gical 
situations (e.g. repeated bronchoscopy, ophthalmic surgery, poer-risk 
patients) with reduced amounts of meperidine as adjunct to anesthesia 
and analgesia. 


Contraindications: Contraindicated in individuals with known Pyper- 
‘sensitivity to promethazine. Intra-arterial injection is contraindicated. 


Warnings: The sedative action of promethazine is additive to the sec ative 
effects of CNS depressants; therefore, agents as alcohol. barbiti rates 
and narcotic analgesics should be eliminated or given in reduced d sage 
in presence of promethazine. When given concomitantly with pro- 
methazine reduce dose of barbiturates by at least % and dose of anal- 
gesic depressants (e.g. morphine or meperidine) by % to %. Altfrouch 
proper IV use of promethazine is well-tolerated, exercise care rot to 
allow perivascular extravasation since under such circumstances caer i- 
cal irritation may occur? When used IV, give in a concentration no grater 
than 25 mg./cc. and at a rate not over 25 mg./minute 


Precautions: Caution ambulatory patients against driving autos or or erat- 
ing dangerous machinery until it is known that they do not become 
drowsy or dizzy from promethazine. Antiemetics may mask symptoms of 
unrecognized disease and thus interfere with diagnosis. Patients ir pain 
who received inadequate or no analgesia have developed “athetoid- 
like’ movements ofthe upper extremities following parenteral prometha- 
zine. These symptoms usually disappear on adequate control of pain. 


Adverse Reactions: Patients may occasionally complain of automomic 
reactions, e.g. dryness of mouth, blurring of vision and rarely dizziness. 
Very rare cases have been reported where patients receiving promstha- 
zine developed leukopenia. In one instance agranulocytosis has Deen 
reported. In nearly every instance reported other toxic agents known to 
have caused these conditions were associated with administration of 
promethazine. Cardiovascular by-effects from promethazine havedeen 
rare (minor increases in blood pressure, occasional mild hypotension). 
Photosensitivity (extremely rare) contraindicates further use of pro- 
methazine or related drugs. Attempted suicides with promethazine 
resulted in deep sedation, coma, rarely convulsions and cardiorespira- 
tory symptomscompatible with depth of sedation. A paradoxical reaction 
(hyperexcitability and nightmares) has been reported in children receiv- 
ing large single doses. 


Composition: |njection— 1 cc. ampuls of 25 mg./cc. and 50 mg./cc. =ach 
cc. alsocontainsO.1mg.disodium edetate, 0.04 mg. calcium chlorid® and 
not more than 0.25 mg. sodium metabisulfite and 5 mg. phenol wiih so- 
dium acetate buffer. 


Wyeth Laboratories Philadelph®, Pa. 




































for bronchopulmonary mucolysis 


new double-blind cross-over 


investigations* confirm: 
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COUGH FREQUENCY SPUTUM VISCOSITY 

at first decreased, then increased increased with saline...s/gnificantly 
with saline...consistently reduced thinner with Mucomyst 

with Mucomyst 


EXPIRATORY PHASE 
PROLONGATION 

a good index of airways obstruction— 
WHEEZE SEVERITY increased or remained unchanged 
increased with saline...significantly with saline...s/gnificantly reduced 
reduced with Mucomyst with Mucomyst 


One double-blind cross-over study which included analysis of 52 variables 
compared the effects of one week ofnormal saline therapy with the effects of one 
week of 10% Mucomyst in each of 24 patients. 


While large changes cannot be expected after one week's therapy in patients 
with stable chronic obstructive lung disease, of the variables that changed 
significantly with saline therapy, more worsened 
than improved. However, of the variables that 
changed significantly with Mucomyst, the 
great majority were improvements in the 
patient’ status. 


CONCLUSIONS 

e Mucomyst decreases sputum viscesity—saline at best effects no change 

e Mucomyst reduces frequency of ceugh and severity of wheezing—saline 
increases them 

e Mucomyst reduces the length of the expiratory phase — saline causes no change 
or increases it 


Therapeutic compatibility of Mucomwst with isoproterenol and other broncho- 
dilators has been demonstrated in double-blind controlled studies totaling 134 
patients. No untoward effects requiring cessation of Mucomyst therapy were 
reported in these patients. 


MUGOMYST (acervicystene) 


Indications: Mucomyst has been demonstrated to be clintally effective as adjuvant therapy in a wide range of conditions in which 
thick, viscous mucus is a problem, including: postoperative atelectasis and pneumonia: chronic bronchopulmonary disease (emphy- 
sema, chronic bronchitis, asthmatic bronchitis, and broncaiectasis); acute bronchopulmonary disease (pneumonia, bronchitis, and 
tracheobronchitis); tracheostomy care; facilitation of broncaial studies; maintenance of an open airway during anesthesia; and to help 
control pulmonary complications of cystic fibrosis. Contraindications: Mucomyst is contraindicated in those patients-who are sensitive to it. 
Warnings: After proper administration of acetylcysteine, an increased volume of liquefied bronchial secretions may occur. When cough is inadequate, the 
open airway must be maintained by mechanical suction if necessary. Wher there is a large mechanical block due to foreign body or local accumulation, the 
airway should be cleared by endotracheal aspiration, with or without Bronchoscopy. Asthmatics under treatment with Mucomyst should be watched carefully. If 
bronchospasm progresses, this medication should be immediately disceatinved. Adverse Effects: Adverse effects have included stomatitis, nausea 
and rhinorrhea. Sensitivity and sensitization to Mucomyst have been reported very rarely. A few susceptible patients, particularly asth- 
matics (see Warnings), may experience varying degrees of bronchospasm associated with the administration of nebulized acetylcysteine. 
Most patients with bronchospasm are quickly relieved by the use of a bronchodilator given by 


nebulization. Administration: Mucomyst may be administered by nebulization into a tent, Croup- 
ette, face mask, or mouthpiece, or by direct instillation. Mucaanyst should not be placed directly into the Me 
chamber of a heated (hot pot) nebulizer. Complete details on dosag, administration, and compatibility | | | 


are included in the package insert. Additional information may be obtained from Mead Johnson 


Laboratories. Supplied: Mucomyst” -10 (acetylcysteine/ a sterile 18% solution in vials of 1Oml.and3|0 LABORATORIES 
mi.: Mucomyst" (acetylcysteine) a sterile 20% solution in vials of 10 ml. and 30 ml. 
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indicated for all types and degrees of 
moderate to severe pain with dosage that you can 
increase from 30 mg. to45 mg. or 60 mg. 













n analgesic 
Anana as 
you need 










Incidence of 
No. excellent 
Type patients to good 
of pain Dosage studied analgesia Adverse Reactions 
post- 30mg. 29 79.3% As the study progressed, the dos- 


operative age was increased to 45 and 60 mg. 


pain? * 45 mg. 70 83.0% to determine whether higher doses 
would produce greater analgesia with- 


i i iá 
Kolbe mg. 101 94.0% out an Increase in adverse effects. 
“Only a few minor side effects were 


observed.” 1 
= “At the start of the study, adult 
= (6) ) 
BGAN 30 mg. Op 94.0% patients were given 30 mg. doses. It 
tele iá or was found, however, that a 60 mg. 
Pen 60 mg. dose gave better analgesia with no 


noticeable difference in tolerance.” 2 


“Study based on response to a single dose. 
tStudy based on multiple doses, according to patient need. 

References: 1. Finestone, S. C. and Katz, J.: Pentazocine as a postoperative analgesic, 
Anesth. Analg. 45:312, May-June 1966. 2. Snow, E. W.: Pentazocine—Cclinical evalua- 
tion, Abwom. Surg. 9:150, May 1967. 

Provides relief comparable to that of morphine and meperidine, but 
with fewer significant adverse effects ti 

e Compared to morphine, Talwin causes less severe respiratory 
depression, hypotension, urinary retention, constipation. 

e Commared to meperidine, Talwin is less likely to cause nausea, 
vomitimg, diaphoresis. 

è Not subject to narcotic controls. 


+7 See nex page for a complete discussion of Warnings, Precautions, Adverse Reactions, 
and other Prescribing Information. 


Injectable 
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30mg. 45mg. 60mg. __ 











Talwin® 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 


Ampuls: 30 mg. (1 mi.),45 mg. 
(1% ml.), and 60 mg. (2 mi.) 
Vials: (10 ml.) 30 mg./mi. 


30 mg. for I.V., I.M., or S.C. use 
45 mg. for I.M. or S.C. use 
60 mg. for I.M. or S.C. use 





Indications: For the relief of moderate to se- 
vere pain. Talwin may also be used for pre- 
operative or preanesthetic medication and as a 
supplement to surgical anesthesia. 
Contraindication: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
Warnings: Drug Dependence. Special care 
should be exercised in prescribing pentazocine 
for emotionally unstable patients and for those 
with a history of drug misuse. Such patients 
should be closely supervised when long-term 
therapy is contemplated. There have been in- 
stances of psychological and physical depend- 
ence on Talwin in patients with such a history 
and, rarely, in patients without such a history. 
Abrupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restiessness, anxiety, and 
lacrimation. Even when these occurred, discon- 
tinuance has been accomplished with minimal 
difficulty. In the rare patient in whom more 
than minor difficulty has been encountered, re- 
institution of parenteral Talwin with gradual 
withdrawal has ameliorated the patient's symp- 
toms. Substituting methadone or other nar- 
cotics for Talwin in the treatment of the Talwin 
abstinence syndrome should be avoided. 

In prescribing parenteral Talwin for chronic 
use, particularly if the drug is to be self-admin- 
istered, the physician should take precautions 
to avoid increases in dose and frequency of in- 
jection by the patient and to prevent the use of 
the drug in anticipation of pain rather than for 
the relief of pain. 

Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Head Injury and Increased Intracranial Pres- 
sure. The respiratory depressant effects of 
Talwin and its potential for elevating cerebro- 
spinal fluid pressure may be markedly exag- 
gerated in the presence of head injury, other 
intracranial lesions, or a preexisting increase 
in intracranial pressure. Furthermore, Talwin 
can produce effects which may obscure the 
clinical course of patients with head injuries. 
In such patients, Talwin must be used with ex- 
treme caution and only if its use is deemed 
essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been es- 
tablished. Animal reproduction studies have 
not demonstrated teratogenic or embryotoxic 
effects. However, Talwin should be adminis- 
tered to pregnant patients (other than labor) 
only when, in the judgment of the physician, 
the potential benefits outweigh the possible 
hazards. Patients receiving Talwin during labor 
have experienced no adverse effects other than 
those that occur with commonly used analge- 
sics. Talwin should be used with caution in 
women delivering premature infants. 

Acute CNS Manifestations. Patients receiving 


of moderate to severe intensity 


tnerapeutic doses of lalwin nave experienced, 
in rare instances, hallucinations (usually vis- 
ual), disorientation, and confusion which have 
cleared spontaneously within a period of hours. 
The mechanism of this reaction is not known. 
Such patients should be very closely observed 
and vital signs checked. If the drug is reinsti- 
tuted it should be done with caution since the 
acute CNS manifestations may recur. 

Usage in Children. Because clinical experience 
in children under twelve years of age is lim- 
ited, the use of Tabwin in this age group is not 
recommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, am- 
bulatory patients should be warned not to op- 
erate machinery, drive cars, or unnecessarily 
expose themselves to hazards. 

Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may cause respira- 
tory depression should be considered in treat- 
ment of patients with bronchial asthma. Talwin 
should be administered only with caution and 
in low dosage to patients with respiratory de- 
pression (e.g., from other medication, uremia, 
or severe infection), obstructive respiratory 
conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
Causes or increases renal or hepatic impair- 
ment, the drug should be administered with 
caution to patients with such impairment. Ex- 
tensive liver disease appears to predispose to 
greater side effects (e.g., marked apprehen- 
sion, anxiety, dizziness, sleepiness) from the 
usual clinical dose, and may be the result of 
decreased metabolism of the drug by the liver. 
Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with 
myocardial infarction who have nausea or 
vomiting. 

Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the sphinc- 
ter of Oddi, the drug should be used with cau- 
tion in patients about to undergo surgery of the 
biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
given narcotics, including methadone for the 
daily treatment of narcotic dependence, have 
experienced mild withdrawal symptoms after 
receiving Talwin. 

CNS Effect. Caution should be used when 
Talwin is administered to patients prone to 
seizures; seizures have occurred in a few such 
patients in association with the use of Talwin 
although no cause and effect relationship has 
been established. 

Adverse Reactions: The most commonly occur- 
ring reactions are: nausea, dizziness or light- 
headedness, vomiting, euphoria. 

Infrequently occurring reactions are—respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousmess, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic including 
local: diaphoresis, sting on injection, flushed 
skin including plethora, dermatitis including 
pruritus; other: urinary retention, headache, 
paresthesia, alterations in rate or strength of 
uterine contractions during labor. 

Rarely reported reactions include—neuromus- 
cular and psychiatric: muscle tremor, insomnia, 


bulwark 
against pain 





aisorientation, nallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthail- 
mic: blurred vision, nystagmus, diplopia, mio- 
sis; other: tachycardia, soft tissue induration, 
nodules, cutaneous depression, and ulceration 
(sloughing) at. the injection site, weakness or 
faintness, chills, moderate transient eosino- 
philia, allergic reactions including edema of 


the face. 
See Acute CNS Manifestations and Drug De- 


pendence under WARNINGS. 

Dosage and Administration: Adu/ts, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, 
subcutaneous, or intravenous route. This may 
be repeated every 3 to 4 hours. Doses in ex- 
cess of 30 mg. intravenously or 60 mg. intra- 
muscularly or subcutaneously are not recom- 
mended. Total daily dosage should not exceed 
360 mg. As with most parenteral drugs, when 
frequent daily injections are needed over a 
prolonged period, intramuscular administration 
is preferable to subcutaneous. In addition, con- 
stant rotation of injection sites (e.g., the upper 
outer quadrants of the buttocks, mid-lateral 
aspects of the thighs, and the deltoid areas) is 
recommended. 

Patients in Labor. A single, intramuscular 30 
mg. dose has been most commonly adminis- 
tered. An intravenous 20 mg. dose has given 
adequate pain relief to some patients in labor 
when contractions become regular, and this 
dose may be given two or three times at two- 
to three-hour intervals, as needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of 
age is limited, the use of Talwin in this age 
group is not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates because 
precipitation will occur. 

Overdosage: Manifestations. Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures 
should be employed as indicated. Assisted or 
controlled ventilation should also be consid- 
ered. Although nalorphine and levallorphan are 
not effective antidotes for respiratory depres- 
sion due to overdosage or unusual sensitivity 
to Talwin, parenteral naloxone (Narcan®, avail- 
able through Endo Laboratories) is a specific 
and effective antagonist. 

Talwin is not subject to narcotic controls. 

How Supplied: Ampuls of 1 mi. (30 mg.), 
11⁄2 ml. (45 mg.), and 2 ml. (60 mg.) in boxes 
of 25. Each 1 ml. contains Talwin (brand of 
pentazocine) as lactate equivalent to 30 mga. 
base and 2.8 mg. sodium chloride, in water for 
injection. 

Multiple dose vials of 10 ml., each 1 ml. con- 
taining Talwin (brand of pentazocine) as lac- 
tate equivalent to 30 mg. base, 2 mg. acetone 
sodium bisulfite, 1.5 mg. sodium chloride, and 
1 mg. methylparaben as preservative, in water 
for injection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
placed by nitrogen gas. 


Winthrop Laboratories, New York, N.Y. 10016 
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latex. Hands performing in TRIFLEX® Surgeon’s gloves move 
more freely throughout a lengthy surgical procedure. That’s be- 
cause the patented TRAVENOL mold contours gloves with natu- 
ral shaping, right from the wrist. Result: more freedom from 


strain against the thumb joint, stress across the palm. Fingertips 


are tapered for finer fit. 

Matte finish provides a good grip on instruments—less slip- 
pery when wet, and it won't get tacky. 

PowderlIN processing cures powder right onto the latex, on 
the inside surface. Try the dark suit powder demonstration test 
with your TRAVENOL representative, 

Each pair is packaged in a handy waterproof plastic tray with 
Tyvek* lid...in compact dispenser cartons, for convenience 
and easy storage. Start a glove affair with TRIFLEX. 

Call your TRAVENOL representative today. 


Recognition for the independent thumb 

The contour molded thumb means more freedom from 
strain and stress caused by restrictive 2-plane molded 
gloves. *® DuPont 
CAUTION: After donning, remove powder by wiping gloves thoroughly 
with a sterile wet sponge, sterile wet towel, or other effective method. 


TRAVENOL LABORATORIES, INC. 


Deerfield, Illinois 60015 
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Dulcolax retires the 
enema... 


At last... a gentle and reliable way to 
replace the appalling enema. Or the some- 
times lax laxative. Dulcolax suppositories put 
a gentle touch on the colon, producing 
normal peristalsis throughout the large intes- 
tine. Evacuation usually occurs within 15 

to 60 minutes. 


“All-Out” Action: Dulcolax is a hospital / 
office standby for surgery, radiology, proc- 
toscopy. For constipation, acute or chronic, 
almost everyone will prefer Dulcolax to 
enemas or laxatives. And almost anyone can 
take Dulcolax... its only contraindication 
is acute surgical abdomen. 


A final touch: Dulcolax comes in both 
Suppositories and tablets. 


Dulcolax sica:s.; NF 


Suppositories...to replace 
the enema 


Boehringer 
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Boehringer Ingelheim Ltd. 
Elmsford, N.Y. 10523 
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Darvon’ 
Compound-65 


65 mg. propoxyphene hydrochloride, 227 mg. aspirin, 
162 mg. phenacetin, and 32.4 mg. caffeine. 


; Additional intormation available to the profession on request. 
i jj and Company »Ħ Indianapolis, Indiana 46206 
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Early Prediction of Acute Renal Failure and Recovery: 


lI. Renal Function Response to Furosemide 


TRANSIENT PERIOD of positive free water clearance 
A followed by free water clearances close to zero 
were found to precede the development oz clinically 
demonstrable acute renal failure.' In the present study, 
we used the responses to furosemide administration as an 
additional tool in the early diagnosis of acute r2nal failure 
as well as in the evaluation of the recovery of renal 
function. Further, the responses to furosemide and vaso- 
pressin administration were used as an approach to 
elucidation of some of the physiologic mechanisms which 
may be operative in the development of acute tubular 
necrosis. 


Methods 


The clinical material and conventional reral function 
tests including osmolar and free water clearance measure- 
ments are described in the companion paper.? 

Furosemide was given intravenously in presently ac- 
cepted therapeutic dose range of 80 to 400 mg. to the 
patients who had free water clearance reaching values 
between +15 and —15 ml/hr, continuously falling urine 
output and evidence of excess fluid administration. 
Electrolytes and clearance measurements were made 


. immediately prior to the administration of furosemide 


and repeated at intervals of 1 hour to 5 bours there- 
after. In one patient who had a nephrostomy tube, urine 
samples were collected anaerobically and -he urinary 
Poz was measured. 

Pitressin in the dosage of 50 ug./Kg. of body weight 
was given intravenously to three patients who had free 
water clearance greater than +30 ml./Ez. 
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Results 


Responses to Furosemide 


Three distinct patterns of responses to furosemide 
are illustrated in Figures 1 and 2. The first group con- 
sisted of the 15 patients who were studied prior to the 
time that they developed acute renal failure; group two 
consisted of three patients whose free water clearance 
recovered during the course of acute renal failure, i.e., 
the second recovery pattern’; group three consisted of 
three patients, two of whom developed acute renal 
failure and one of whom had severe renal functional 
impairment following a right nephrectomy and left 
nephrostomy for acute obstructive uropathy. 

All group one patients were given 80 to 400 mg. furo- 
semide intravenously when they had free water clearance 
between +15 and —15, but prior to the time that the 
diagnosis of acute renal failure had been established. 
None of these patients responded to the drugs with 
changes in urine output, urine osmolality and free water 
clearance (Fig. 1). 

Group two was given 80 to 160 mg. furosemide intra- 
veriously. Immediately following this, the urine output 
increased to an average of 200 ml./hr, urine osmolalities 
fell from an average of 600 mOsm/1 to 400 mOsm/], 
but the free water clearance changed only minimally 
(Fig 1.) 

Group three was also given 80 to 160 mg. furosemide 
intravenously, after which urine output increased mark- 
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edly, urine osmolalities fell from an average of <50 
mOsm/1 to 250 mOsm/1; the average free water clear- 
ance changed from —40 ml./hr to +40 ml./hr. When cne 
of these patients, who had the nephrostomy was given 
furosemide, the urinary Poz values increased from 10 to 
40 mm. Hg (Fig. 2). 
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Fic. 2. The response to 
furosemide in a patient 
in whom urine could be 
collected anaerobically. to 
measure the Po. valuss; 
the increased Po: after 
furosemide administ-a- 
tion suggests that -he 
drug increased renal 
medullary blood flow. 
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Responses to Vasopressin 


The data of three patients with positive free water 
clearance who were given pitressin, 50 mg./Kg. intra- 
venously are summarized in Figure 3. Immediately 
following the administration of pitressin, urine output 
decreased, urine osmolalities increased and osmolar 
clearance fell. Interestingly, the free water clearance 
returned to negative values (average —45 ml./hr). 


Discussion 


In the companion study, an episode of positive free 
water clearance and then free water clearances close 
to zero were observed prior to the appearance of 
acute renal failure as defined by conventional criteria. 
In the present study, failure to respond to furosemide 
is suggested as a confirmatory test for the diagnosis of 
acute renal failure. This contention is supported by the 
observations that none of the patients in this study who 
subsequently developed acute renal failure responded 
to furosemide during the time that free water clearance 
was near zero. Secondly, the magnitude of the furosemide 
response decreased progressively as the free water 
clearance approached zero. Finally, those patients who 
recovered from established renal failure had return of 
the normal furosemide response as their renal func- 
tional measurements (including free water clearance) 
returned toward normal values. 

The data in this study suggest that changes in free 
water clearance after furosemide administration may 
allow some general estimation to be made of adequacy 
of the medullary circulation. Furosemide is a powerful 
and rapidly acting diuretic agent which affects sodium 
resorption in the ascending limb of the loop of Henle 
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and to a lesser extent in the proximal and distal tubules; 
it also decreases renal vascular resistance and increases 
renal blood flow in the perfused dog kidney.® Stone and 
Stahl’? demonstrated that furosemide is more potent 
than ethacrynic acid in producing the renal Elood flow 
effect even during hypovolemic states. Furosemide given 
to stressed human subjects increases urine volumes and 
osmolar clearance, but decreases uOsm/pOsm ratios; 


. free water clearance remains fairly constant through- 


out the period of diuresis. However, some patients in 
the post-stress state who had no evidence of renal failure 
developed a transient period of positive free water clear- 
ance in response to furosemide administration. The most 
likely explanation for these findings is that furosemide 
lowered renal vascular resistance and increased medul- 
lary blood flow. Presumably, these patients oreviously 
had marginal renal blood flow which was sufficient 
to maintain grossly normal renal function and tae sudden 
increase in renal medullary fow washed out tke osmotic 
gradient and produced the positive free water clearance. 
The sudden increase in urinary oxygen tension following 
furosemide administration during a period cf positive 
free water clearance in one patient in this series (Fig. 
2) supports the hypothesis that medullary washout 
and water clearance may be affected by increeses in the 
peritubular capillary blood flow.7“A period of hypo- 
tension and decreased renal medullary blood flow is 
generally considered to be a major factor which pre- 
cedes the development of acute tubular necrosis. In 
this setting, furosemide should have some therapeutic 
value in improving medullary flow; but farosemide 
should have little effect when free water cleerance ap- 
proaches zero and tubular damage has occurred. 

The following case illustrates the temporal pattern of 


i free water clearance and the influence upon -t of furo- 
} 


semide given on successive days (Fig. 4). a 55-year- 
old man was observed following the removal of an in- 
fected graft replacing an aortic aneurysm. Curing the 
immediate postoperative period, the free weter clear- 
ance fluctuated from —25 to +15 ml./hr with the average 
urine output of 50 ml./hr. The initial response to furo- 
semide during this period was a marked diuresis with a 
transient increase in free water clearance (fram —25 to 
+65 ml./hr), This was interpreted as marginal medullary 
blood flow which after furosemide administration abrupt 
increased; this renal blood flow response was associated 
with positive free water clearance. 

Administration of furosemide on successive days pro- 
duced transient episodes of positive free water clearance 


~ of progressively smaller magnitude until the ‘ast injec- 


tion produced a relatively normal change in free water 
clearance. This suggests that administration of farosemide 
can improve renal blood flow and this changa may be 
inferred from the changes in free water clearence. Sub- 
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sequently, this patient’s renal functions including free 
water clearance and other estimations of concentrating 
ability were restored to the normal range. 

The capacity of the kidney to concentrate urine and 
maintain negative free water clearance values depends 
upon the circulating levels of vasopressin, the degree 
of medullary hyperosmolarity and the metabolic state 
of the tubular cells. Increased vasopressin release during 
the immediate postoperative period is one of the earliest 
physiologic responses to stress.1° The distal water pump 
is sensitive to increased levels of vasopressin; increased 
vasopressin activity alters the water permeability of 
the distal tubular segment which separates the hyperos- 
molar zone of the renal medullar from the urine.“ Thus, 
the normal kidney subjected to maximal vasopressin 
and aldosterone influences during the immediate post- 
stress period, will have strongly negative free water 
clearances.” In addition, vasopressin has a direct effect 
on renal vessels and facilitates the formation of hyper- 
tonic urine by modifying the precursor fluid delivered 
to the descending limb of Henle’s loop. Although vaso- 
pressin increases the negative free water clearance, it has 
been shown that this hormone is not necessary for the 
production of concentrated urine.?® 

Prompt return of negative free water clearance in 
response to vasopressin administration during the period 
of positive free water clearance is consistent with the 
concept that water permeability of the distal segment 
increases with increasing levels of vasopressin,*° and is 
indirect evidence the tubular cells are not ischemic; that 
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Fic. 4. The free water clearance responses to administration of 
furosemide on four successive days. Note that initially, furosemide 
increased free water clearance to positive values on the first 
three days; on the fourth day, the free water clearance became 
more negative indicating improvement in the concentrative 
capability of the kidneys. 
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is, they can respond to hormonal influences. Exogerous 
vasopressin also decreases medullary flow by direct 
action on the arterioles. This may decrease sod-um 
washout and contribute to restoration of the medullary 
osmotic gradient which is necessary for water conse-va- 
tion (negative free water clearance ) to take place. 


Summary 


The response to furosemide was used as a mean; to 
evaluate incipient acute renal failure as well as recovery 
of renal function after renal failure had become es-ab- 
lished. An absent or attentuated response to furosemide 
was observed in patients who were not yet in clinically 
established renal failure, but who had free water cl2ar- 
ance values which approached zero, These patients aad 
severe renal functional impairment and subsequeatly 
developed clinical renal failure. Therefore, we believe 
that an inadequate furosemide response in a well 
hydrated postoperative patient suggests that acute renal 
failure is imminent. When a satisfactory response to 
furosemide was seen in patients during recovery from 
acute renal failure showing negative free water clearance, 
the patients all subsequently recovered from renal tail- 
ure. A normal response to furosemide in the recovery 
period is considered a good prognostic sign. We Fave 
also observed furosemide-induced positive free water 
clearance in posttraumatic patients without clinical əvi- 
dence of renal failure; this response suggests scme 
functional impairment of the kidney, although other 
kidney function tests were within normal limits. In >ne 
of these patients, increased urinary Pos was seen 
after furosemide administration; this suggests that the 
drug increased renal medullary blood flow. 

During the period of positive free water clearance, 
vasopressin administration returned free water clear- 
ance values to normal negative values. This is consistent 
with the concept that the permeability of the distal 
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segment increases with the increasing levels of vaso- 
pressin. 
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Factors Responsible for Urinary Fistula in the 


HE DEVELOPMENT of a urinary fistula after renal 
T transplantation remains a dangerous and often lethal 
complication. As a result of reviewing the Peter Bent 
Brigham Hospital experience with renal transplantation 


- over the past 20 years, the following clinical impressions 


have evolved: 1) The incidence of urinary fistula in the 
patient with more than one donor renal artery has been 
consistently greater than its single artery counterpart. 
2) Those patients who have undergone a recent allo- 
graft rejection might develop a urinary fistula when 
function resumed. 3) The difficulty with which the 
donor kidney was harvested might be of some importance 
regarding the development of urinary fistulae. This study 
was undertaken to test these impressions and_to identify 
those factors which might be prognostic ia selecting 
transplant recipients at greater risk for urinary fistula 
development. 


Materials and Methods 


The records of 296 patients, some of whem have 
previously been reported, represented the entire renal 
transplant experience at the Peter Bent Brigham Hospital 
from March 31, 1951 through December 31, 1970.15 
These records were reviewed from multiple factors 
which might be important in the donor anc recipient. 
At the completion of this detailed analysis, the records 
of 117 subsequent transplant recipients (January 1, 1971 
to August 15, 1972) were evaluated for a current com- 
parison with previous data. 

In the donor, such features as age, sex, ABO blood 
type, renal function, urinalysis, donor source, which kid- 





Submitted for publication August 28, 1972. 

This study was supported in part by grants from the National 
Institutes of Health, The Hartford Foundation and the Avalon 
Foundation. 


609 


Renal Transplant Recipient 


GEORGE M. HRICKO, M.D., ALAN G. BIRTCH, M.D., 
ALAN H. BENNETT, M.D., RICHARD E. WILSON, M.D. 


From the Department of Surgery of 
Harvard Medical School at the 
Peter Bent Brigham Hospital, Boston, Massachusetts 


ney was utilized, ischemia time both warm and cold, 
number of arteries present to the kidney, how many were 
used for anastomosis and whether or not complications 
occurred during donor harvest were all noted. In the 
case of the recipient, operative course and again the age, 
sex, ABO blood type, presence or absence of infection, 
type of vascular and urinary anastomosis, regimen for 
immunosuppression, incidence of urinary fistula and 
the definition of any unusual problems or abnormalities 
that were detected by the surgeon during the operative 
procedure were recorded. In the postoperative course, 
the presence of rejection and the response to rejection 
were carefully observed. No recipient was considered 
for this study that had not been followed for a minimum 
of 6 months unless death of the recipient or failure of 
the transplant occurred earlier. Most of the patients in 
this study (158) were transplanted within the most 
recent 4 years and the great majority of these were being 
followed in the Transplant Clinic at the Peter Bent 
Brigham Hospital. 

There were 27 monozygotic twins (9.1%) who were 
not included because of their privileged immunologic 
status and their usual good results. Fourteen (4.7%) 
of the earliest renal allografts that received little or no 
immunosuppressive therapy and were placed in the 
thigh of the recipient were excluded from the study as 
well as 17 allograft recipients that never functioned from 
the time they were transplanted. Thus, 238 renal allo- 
graits in 216 patients formed the basis for this review. 
Twenty patients had two transplants each and two 
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patients received three. The remainder of the patients 
received a single renal transplant. 

Because different methods of preparation and implanta- 
tion of the donor ureter into the collecting system of :he 
recipient were used, these data have been divided into 
two groups dependent on the type of ureteral anastomo- 
sis. Ureteroureterostomy (U/U) or the ureteropyelostcmy 
(U/P) were grouped together because in many instarces 
the exact designation as to the location of the ana:to- 
mosis near the renal pelvis were arbitrary rather than 
being based on exact anatomical considerations. The 
ureteronecystostomy (UNC) was placed as close to the 
region of the trigone as was technically possible, Urinary 
fistulae were defined as any evidence of urinary leakage 
from the renal transplant, its ureter or the bladder. Dou- 
mentation of this fistula could be accomplished eitner 
by the appearance of indigo carmine or methylene blue 
in the urine discharged from the fistula, by intravenous 
pyelography or by comparison of creatinine and BUN 
levels in the drainage with the blood levels. Occasionally, 
the final diagnosis was not arrived at until the time of 
surgical exploration of the wound. 


Results 


Incidence: Figure 1 indicates the yearly incidence 
of urinary fistulae in transplant recipients at the Peter 
Bent Brigham Hospital from 1960 through 1970. P-ior 
to January 1960, 20 renal transplants were performed. 
The majority (16) were deleted from this study for mon- 
function or presence of a prior cutaneous ureterostomy. 
Of the remaining four, two developed urinary fistula 
and both had a UNC. The overall incidence for fistula 


formation in this series of 238 patients was 22.7% Donor 


age varied from that of infant to 69 years, these included 
living related, cadaver and living unrelated individuals. 
The last category is no longer used as a source of 
donor kidneys in this unit. 

Technic: From the onset of this series until August 
1964, the type of ureteral anastomosis was left to the 
preference of the surgeon but was usually UNC. From 
August 1964 until 1968, the anastomosis was standerd- 
ized as a U/P or U/U and the peak incidence of urirary 
fistulae started to decline from 35% in 1965 to 25% in 1867. 
At this time the UNC was readopted as the standard 
anastomosis for this group of patients; the already de- 
clining incidence of urinary fistula (17.1% in 1958) 
continued its downward curve to the recent low of 
10.6% for 1970. 

The U/P or U/U anastomosis was always performed 
with a small silastic stent through the renal mass as a 
nephrostomy tube into the pelvis and usually down into 
the ureter of the recipient, The continued high incideace 
of fistula formation despite this small protective catheter 
was unacceptable and thus the decision was made to 


HRICKO, BIRTCE, BENNETT AND WILSON 


Ann. Surg. + Novy. 1973 


P.B.B.H. 3/31/5)~ 12/31/70 





TRANSPLANTS 
BY YEAR 


TYPE OF URETERAL 
ANASTOMOSIS 


Z ë 2 






5 14 15 20 1? 36 36 4i 45 





U/U, UZP or UNC 












UZU URETEROURETEROSTOMY 
UZP URETEROPYELOSTOMY 
UNC URETERONEOCYSTOSTOMY 


sc 


Te 3C 


OVERALL 
INCIDENCE 


— — — e mw u — Mie e e e e A i a M A a ia N e a ee red 


22.7 Vo 





t960 


1965 t970 


Fic. I. This graph shows the declining incidence of urinary 
fistulae in Peter Bent Brigham Hospital allograft recipients, par- 
ticularly as the yearly number of transplants increases. Since 
1970, this incidence has continued to fall (7.1% for 1971 and 
6.0% for the first 7.5 months of 1972). From 1967 to the present, 
the ureteral anastomosis has been ureteroneocystostomy, varied 
only if anatomical or technical complications were identified. 


resume doing UNC type of anastomosis with a standard 
submucosal tunnel in the vicinity of the trigone. The 
spatulated distal ureter was sutured to the bladder wall 
with 5-0 catgut material. This was achieved through 
a separate cystotomy. During the period under in- 
vestigation there were two bladder fistulae, one develop- 
ing secondary to a perinephric abscess from a ureteral 
fistula. 

Surgical Management: Early in the course of this 
transplant series, it was discovered that the seal at the 
anastomotic site for the urinary collecting system must 
be watertight. Any small leak repeatedly developed 
a persistent draining sinus with a subsequent fistula. We 
have also come to realize that a urinary ureteral catheter 
passed in a retrograde manner from the bladder up into 
the renal pelvis or up to the site of any leakage was 
almost inadequate to permit eventual healing of the 
fistula. Based on this experience, at the first evidence of 
urinary fistula formation a proximal tube nephrostomy 
with wide exploration and drainage of the wound 
was carried out, Primary repair of the fistula was per- 
formed if at all possible or else a delayed uretero-pelvic 
anastomosis was constructed some weeks later. For this 
procedure the patient’s own ureter was utilized. This 
permitted salvage of the great majority of these kidneys 
from which urinary fistulae had developed. 

Effects of Immunosuppression: With the introduction 
of azathioprine in 1960 and the addition of prednisone 
therapy in 1963 as the main components of immuno- 
suppressior:, there was no alteration in the incidence of 
urinary fistulae in these patients. The 1963 through 
1966 frequency of fistula formation as shown in Figure 
1, varied less than 8% which was not significant. Other 
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modalities employed for prolongation of graft survival 
and to treat rejection over these past 11 years were local 
irradiation to the allograft, extracorporeal irradiation of 
the host, steroid “pulse” therapy for rejection, actinomy- 
cin D and C, thoracic duct fistula and antlymphocyte 
globulin. None of these, taken individually oz in varying 
combinations, gave positive correlation w-th the de- 
velopment of a urinary fistula nor were they signif- 
icant alone or in combination in reducing th> frequency 
of urinary extravasation. 

Relationship of Arterial Number to Urinary Fistula: 
In Table 1, the type or urinary anastomos.s, presence 
of single or multiple renal arteries in the donor kidney 
and incidence of urinary fistula are indicated, Fifteen 
of 59 recipients with U/U and U/P and a single renal 
artery developed urinary fistula for an incidence of 
25.4% By comparison, 11 of 19 patients (57.9%) having 
two or more renal arteries showed a similar complication 
(p < 0.005). This same relationship held true for a single 
renal artery kidneys with UNC, Seventeen of 124 
(13.7%) developed urinary extravasation ard 1] of 36 
(30.6%) with multiple renal arteries exhibited urinary 
fistula formation (p < 0.005). 

Specijic Intraoperative Complications: Takle 1 further 
illustrates the relationship of intraoperative abnormali- 
ties observed and reported by the surgecn and the 
incidence of urinary fistula formation. Such specific diffi- 
culties were noted in four of 17 patients who developed 
a fistula after a single renal artery transplant with a 
UNC. These events consisted of excess tension on the 
implanted ureter, hypotension with a fall of systolic 
pressure below 60 mm. Hg for at least 20 mins., reanasto- 
mosis required for the allograft vein and ryanosis of 
the transplant after the arterial clamps were removed 
persisting for more than 40 mins. 

Seven of 107 transplants with single renal arteries and 
a UNC but without urinary leaks also had intraoperative 
problems; persistent oozing of blood at the uretero- 
vesicle junction, inadvertent clamping and demage to an 
artery t the time of donor nephrectomy persistent 
oozing of blood at the renal hilum in two petients, cya- 


TABLE 1. 


Type of Ureteral* Total No. of 
No. of Donor Arteries Anastomosis Patients 

(1) Single u/u or u/p 59 
(2) Multiple u/u or u/p 19 
(3) Single unc 124 
(4) Multiple unc 36 

Total: 238 

Significance Data: 


(1) vs. (2) p < 0.005 
(3) vs. (4) p < 0.005 
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notic transplant for 1 hour after the arterial clamp was 
released and areas of visable nonperfusion in the renal 
allograft which occurred in two patients. 

In the group with U/U and U/P with a single renal 
artery, four of the 15 that leaked had operative problems. 
These consisted of excessive ureteral tension, hypo- 
tension with a fall to 80 mm. Hg for 2.5 hours, cyanosis of 
the transplant for 45 mins. after removal of the arterial 
clamp and persistent retropertioneal bleeding in the 
recipient’s iliac fossa, In this same type of patient (U/'U 
or U/P with single renal artery) without a leak, three 
encountered problems at the time of operation. These 
were: arterial reanastomosis, persistent bleeding at the 
renal hilum and division of an early branching renal 
artery requiring two anastomoses. 

These intraoperative difficulties, specifically noted by 
the surgeon in the operative note, were varied and often 
subjective in the single renal artery transplants. This 
made statistical comparison of the exact type of problem 
impossible. The presence of more than one renal artery 
is an easily documented phenomenon by arteriography. 
Multiple renal arteries entering the kidney directly off 
the aorta, embryologically, appear different from a single 
renal artery which has branched early, but prior to rou- 
tine angiographic evaluation of donors, the identification 
of this difference was not always stated at the time of 
donor harvesting. The presence of multiple renal arteries 
from the aorta or an early branching renal artery will be 
considered as one entity unless the latter was clearly 
indicated, in which case it has been considered with the 
single artery group. . 

Multiple renal artery transplants presented a different 
type of intraoperative abnormality. These consisted 
mainly of focal areas of renal ischemia, secondary to the 
ligation of an accessory renal artery. In this group as well 
as in the single renal artery group, the ligation of an ac- 
cessory vein was not considered detrimental in light of the 
results previously reported from this hospital.* In multiple 
renal artery transplants with UNC, eight of 11 patients 
developing a urinary fistula had allografts which were 
associated with operative abnormalities. Six of these 


Correlation of Urinary Fistula in Peter Bert Brigham Hospital Renal Transblant Rectpients with Various Factors 


Specific Intraoperative Complications 
Patients with Urinary 


Fistula Fistula No Fistula 
15 (25.4%) 4 3 
11 (57.9%) 8 6 
17 (13.7%) 4 7 
11 (30.6%) 8 13 
54 (22.7%) 24 29 


* u/u: ureteroureterostomy 
u/p: ureteropyelostomy 
unc: ureteroneocystostomy 
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were ligation of an accessory renal artery (four polar, 
two hilar). The remaining two situations consisted of 
removal of the renal capsule at donor nephrectomy aad 
a transplant that remained cyanotic for 45 mins. afer 
removal of the arterial clamps. Of the 25 that did rot 
have a fistula, 13 were associated with accessory renal 
arteries which were ligated (12 polar and one hilaz). 
In comparing these two groups of patients with UNC, 
no significant relationship could be established between 
ligation of a polar or hilar artery, whether or not a stb- 
sequent visible area of renal ischemia developed, aad 
the ultimate formation of a urinary fistula. The only 
patients for whom this relationship was clearly importent 
were those two who developed calyceal-cutaneous fis-u- 
lae through the area of an infarct which had been 
identified at the time of operation and which seb- 
sequently became necrotic, resulting in persistent and 
ultimately fatal sepsis in these two patients. 

When transplants with U/U or U/P anastomoses were 
examined in the same light, the identical relationship 
held. In these patients, eight of the 11 that leaked had 
ligature of arterial branches (six polar and two hilaz). 
In the corresponding group without extravasation, six 
of eight had operative problems of which four were 
ligated polar arteries and the remaining two consisted of 
clamping and reanastomosis of one of the renal arter&s. 

Transplant Donors: Cadaveric donors have alweys 
been more highly suspect because of their relatively 
unknown medical history and their often complicated 
and protracted hospital course with aggressive therasy 
aimed at resuscitation of the donor. Extreme care was 
taken to document the hospital course of the potential 
donor and to eliminate unsuitable donors for a variety 
of reasons throughout the clinical series. Ideally, the 
cadaveric donor will be the source of a larger numter 
of transplants in subsequent years and therefore it was 
felt imperative to investigate the incidence of urinery 
fistula in cadaveric donor as compared with living doror 
recipients. In Figure 2, the incidence of urinary fistula 
from these two types of donors has been compared. 
The marked fluctuation in the years 1960 to 1966 was due 
to the sparsity of cadaveric donors each year, the average 
being 2.7 per vear during that time. The overall inciderce 
of urinary fistula for cadaveric donors was 17.7% versus 
25% for living donors (0.1 > p > 0.05). When the source 
of renal allografts (living or cadaver), the type of uze- 
teral anastomosis (U/P or U/U versus UNC), the number 
of arteries in the kidney and the presence or absence of 
fistula formation in each respective group was tabulated 
(Table 2), a somewhat more accurate picture emerged 
as to their relationship. Of the living donors, all these 
with multiple renal arteries had a significantly higher 
incidence of fistulae than their single renal artery counter- 
part (p < 0.025). It was also found that the living donor, 
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Fic. 2. The incidence of urinary fistulae in renal allograft re- 
cipients from living donors compared with cadaver donors. Prior 
to 1967, the numbers of cadaver donors were so small that com- 
parison is impossible. From 1967 to the present, the fistula rate 
has been similar although living donors still have a higher in- 


cidence. 


multiple renal artery transplant had a higher incidence 
of fistula than the cadaveric donor with a single renal 
artery (p < 0.005). The transplant from the cadaveric 
donor with a single renal artery was not at a greater risk 
regarding urinary fistula formation than the kidney from 
a living donor with a single renal artery (p > 0.05). 
There was no greater incidence of urinary extravasation 


Correlation of Urinary Fistula in Living and Cadaver 
Donors with Other Factors 


TABLE 2. 


No. of | Total Patients with 
Type of Ureteral* Donor No. of Urinary 
Donor Anastomosis Arteries Patients Fistula 
(1) Living u/u:u/p single 45 11 (24.4%) 
(2) Living u/u:u/p multiple 12 8 (66.6%) 
(3) Living unc single 75 11 (14.7%) 
(4) Living unc multiple 22 8 (36.4%) 
Totals: ; 
(5) Living u/u:u/p & unc single 120 22 (18.3%) 
(6) Living u/u:u/p & unc multiple 34 16 (47.1%) 
(7) Cadaver u/u : u/p single 14 4 (28.6%) 
(8) Cadaver u/u : u/p multiple 7 3 (42.8%) 
(9) Cadaver unc single 49 6 (12.2%) 
(10) Cadaver unc multiple 14 3 (21.4%) 
Totals 
(11) Cadaver u/u:u/p & unc single 63 10 (15.9%) 
(12) Cadaver u/u:u/p & unc multiple 21 6 (28.6%) 


* u/u: ureteroureterostomy 
u/p: ureteropyelostomy 
unc: ureteroneocystostomy 


Significance Data: 

(1) vs. (2) p < 0.025 

(3) vs. (4) 0.1 > p > 0.05 

(5) vs. (6) p < 0.025 

(6) vs. (11) p < 0.005 

(5 + 11) vs. (6 + 12) p < 0.005 
All other comparisons not significant 
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in the cadaveric multiple renal artery donor -han in the 
cadaveric donor with a single renal artery (3.5 > p > 
0.3). Therefore, regarding urinary fistula formation, the 
cadaveric transplant with either a single or multiple renal 
arteries was at least as good as a living domor kidney 
and was, in fact, better than a kidney from a living donor 
with multiple renal arteries (p < 0.005). 

In Figure 3 there is a chart of the incidence of trans- 
plants from all living donors on a yearly basi: as well as 
multiple renal artery transplants from cadaver donors 
and living donors. The number of cadaveric donors 
(which is the reciprocal of living donors on this chart) 
had been on the rise and reached the peak of 52% in 
1968, when the percentage of living donors was at its 
lowest. The last 2 years have seen a decline to 38.2% 
for the year 1970. Cadaveric donors with multiple renal 
arteries have ranged between 10 and 203 with an 
average of 22.5% for the years 1960 through 1970. For 
the last few years, both the slopes for cadav2ric donors 
and cadaveric donors with multiple renal arteries have 
followed a similar trend. Comparison of the percentage 
of multiple renal artery transplants in living donors with 
the overall incidence of living donors reveals that there 
was only a slight variation in the frequency Df multiple 
renal artery transplants from living donors orer the last 
seven years, Therefore, in both the living and cadaveric 
donors, selective deletion of multiple renal artery kidneys 
was not the reason for the declining incidence of fistula 
formation seen in Figure 1. 

Allograft Rejection: Ureteral changes in the rejecting 
renal allograft were studied by Robertshaw et al.? They 
showed that inflammatory reaction of the transplanted 
ureter accompanied kidney rejection in the carine model. 
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Fic. 3. In this graph, the yearly proportion of recipiemts receiving 
allografts from living donors is indicated. From 1€60 through 
1963, living donor allografts with multiple renal a-teries were 
transplanted at a rate approximately equal to those with single 
renal arteries. Since 1964, only about 20% of living donor allo- 
afts had multiple arteries. When the incidence cf cadaveric 
onors (reciprocal of % of living donors) is compared to the 
rate of cadaver donor kidneys with multiple renal erteries, this 
same relationship exists. Thus, the declining incidence? of urinary 
fistulae depicted in Figures 1 and 2 is real and not a function 
of selective exclusion of donor kidneys with multiple arteries. 
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Although this ureteral change was present only in the 
rejecting transplant, they were unable to show a definite 
relationship between rejection of the allograft and ure- 
teral necrosis and/or fistula formation. Tables 3 and 4 il- 
lustrate those transplants in our series for whom no rejec- 
tion (31 patients) or definite rejection episodes (21 
patients ) could be chronologically linked to the develop- 
ment of a urinary fistula. Patients with chronic rejection 
and/or questionable rejection-leak sequences were omit- 
ted from these tables. For those transplants that devel- 
oped acute tubular necrosis with cessation of urine pro- 
duction and subsequently had a return of urine function, 
only the days which the transplant functioned prior to the 
recognition of the urinary extravasation are indicated, 
defined as “days of renal transplant function.” 

In combining the rejection related leaks of Tables 3 
and 4, an average of 10.2 and 11.0 days of renal rejection 
transpired, respectively, before the leak was noted. For 
the transplant with a urinary fistula but without a re- 
jection episode, the average period of renal function was 
11.9 and 5.1 days, respectively. In Table 4, six of 13 
(46.2%) fistulae developed within the first 18 hours of 
renal function. This was attributed to a lack of water- 
tight seal at the original operation, and when corrected, 


TABLE 3. The Relationship of Allograft Rejection and Length of 
Function to Urinary Fistula in Patients with Ureteroneocystostomy 


Donor Days of Renal 
Living (L) No. of | Function Prior Onset of Leak after 
Cadaver (C) Arteries to Fistula Rejection (days) 
Rejectton Related 
L i 4 2 
L 1 6 1 
L >1 6 5 
L >1 7 1 
L >Í 8 4 
L >1 8 2 
L >I 8 1 
L >I 35 11 
Not Rejection Related 
L 1 0.5 a 
L 1 7 — 
L 1 7 — 
L 1 4 — 
L 1 8 = 
L 1 13 se 
L i 19 — 
L 1 20 = 
L 1 36 = 
C 1 1 — 
C 1 1.5 ae 
C 1 4 — 
C 1 55 — 
C 1 10 — 
C 1 9 — 
L >i i — 
L >1 4 — 
C >1 4 — 
C >Í 8 Fe 
C >1 15 = 
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TABLE 4. The Relationship of Allograft Rejection and Lengi of 
Function to Urinary Fistula in Patients with Ureteroureterosiamy 
or Ureteropyelostomy 





Donor Days of Renal Onset of Leck 
Living (L) No. of Function Prior after Rejection 
Cadaver (C) Arteries to Fistula (days) 
Rejection Related 
E 1 4 2 
L 1 A 3 
L 1 10 7 
E 1 12 11 
L 1 25 10 
C 1 4 3 
C 1 10 3 
L >i 2 1 
L >Í 5 3 
L >1 14 12 
C >1 9 7 
E >1 9 2 
Cc >1 35 2 
Not Rejection Related 
L 1 0.3 — 
E 1 0.5 — 
L 1 0.5 — 
L 1 0.75 — 
L 1 4 — 
L 1 15 — 
C 1 2 — 
C 1 30 — 
L >1 0.25 — 
L >1 0.25 — 
L >1 2 — 
L >Í 3 — 
L >1 8 — 





the average became 9.1 days of renal function before the 
fistula was evident, There were no significant differerces 
between these groups. 

When the leak was related to a rejection episcde, 
five of eight (62.5%) in Table 3 and eight of 13 (62%) 
in Table 4 demonstrated the extravasation of urine 
within 72 hours of the onset of rejection. In no instance 
did a rejection associated leak occur more than 12 days 
after the onset of rejection (average 4.8 days). These 
data gave no clear insight concerning the relationship of 
the rejection episode as a causative factor in the develop- 
ment of the urinary fistula except to indicate that tFere 
was no consistent correlation between the occurrence of 
a rejection episode and the development of a urirary 
fistula. 


Discussion 


Although the incidence of fistula is decreasing, it con- 
tinues to be a potential complication of all renal trans- 
plants. The reason for their development remains obscure 
but certain points concerning urinary fistulae appear 
clear. 

1. Vascular insufficiency of the ureter is the primary 
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cause of fistula formation except when technical errors 
interfere with achievement of a watertight seal. 

2. Vascular injury or abnormally poor blood supply is 
a predisposing factor in kidneys that have multiple renal 
arteries, but it cannot be said that rejection and its 
treatment may not play an additional role. Whatever 
the influence of rejection, it seems to be secondary and 
not the dominant consideration. 

3. In cadaver kidneys, the vascular problem plays a 
less significant role. This may be due to wider dissec- 
tion of the aortic cuff and Jess chance for devasculariza- 
tion of the pelvis of the kidney and the ureter. ` 

4. We see no reason to exclude double artery donors, 
although some centers have tended to eliminate them as 
a source. Although we have not excluded patients with 
double renal arteries, we have excluded living donors 
with more than two arteries because we have found that 
these people have a multiplicity of smaller vessels as 
the usual vascular supply for the kidney. Simmons et al.5 


recognized no contraindication to transplanting double 


artery kidneys. here is no evidence of increased incidence 
of fistula formation in cadaveric donor kidneys with 
multiple renal arteries as compared to those with 
single renal arteries. 

5. Special care must be taken to protect the ureteral] 
and pelvic blood supply, especially in living donors 
where exposure is less than optimal and protection of 
adjacent structures is absolutely mandatory. Once the 
diagnosis of urinary fistula has been established, im- 
mediate treatment is essential. Urinary diversion, with 
or without primary repair, should be considered an 
urgent procedure. Failure to institute proper surgical 
management will result in major local sepsis and the 
risk of loss of the allograft and/or the recipient's life. 

The primary justification for analysis of ones’ surgical 
experience is to profit from previous errors and to 
strengthen those technics which appear successful. The 
value of this retrospective study into the factors respon- 
sible for urinary fistulae can best be demonstrated by a 
summation of the results in transplants performed since 
the completion of this review. From January 1, 1971 
through August 15, 1972, 121 renal transplants were per- 
formed in an equal number of patients. One of these was 
between a pair of identical twins, thus reducing the 
number of analysis to 120 patients, Eight of these recip- 
ients developed urinary leaks, for an overall incidence 
of 6.7%. In addition, every leak was successfully re- 
paired without serious complication or morbidity. 

In the year 1971, five of 70 allograft recipients (7.1%) 
developed a urinary fistula, while in the first 7.5 months 
of 1972, three urinary leaks developed in 50 patients 
for a 6% incidence. In none of the three patients with 
fistulae in 1972 was there vascular compromise of the 
ureter. One patient had a leak at the cystotomy site 
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which was easily repaired. A second patiert, who had 
had a previous transplant, had an extremely scarred 
bladder and also developed a cystotomy leak which 
has subsequently healed well. This patient also de- 
veloped an infarct of the lower one-third of the kidney 
secondary to thrombosis of the lower pole artery, one of 
three separate vessels supplying the kidney. A calyceal- 
cutaneous fistula formed which was treated bv nephros- 
tomy drainage for urinary diversion and excision of the 
infarcted lower pole with closure of the renal substance 
buttressed with rectus abdominis muscle flaps. 

The third urinary leak was unique in that the ureter 
maintained a good blood supply and appeared viable, 
but was so thin-walled and fragile that % continued 
to leak from the suture tract holes despite two reimplan- 
tations into the bladder. This complication. was finally 
solved with a neprostomy and a U/P anastomosis. 

These three recent urinary fistulae differ from those 
previously seen and might be considered as technical 
or wound healing complications, rather tkan vascular 
ones. This is a distinct departure from those fistulae 
secondary to ureteral necrosis and pelvic infarcts which 
had been prevalent prior to this study. 


Summary 


The occurrence of urinary fistula in the initial 296 
renal transplant recipients at the Peter Bent Brigham 
Hospital has been reviewed. Multiple factors have been 
analyzed which might increase the potential risk for 
the development of a urinary leak. These included: 1) 
the type of urinary anastomosis 2) the Conor source 
(living or cadaver) 3) number of arteries supplying the 
donor kidney 4) the presence of a rejecticn crisis and 
its treatment 5) the timing of onset of renal function 
after transplantation. 

Although no single etiologic mechanism can be claimed 
for urinary leakage in transplant recipients, the relation- 
ship of multiple renal arteries to urinary fistula formation 
was highly significant in this study. In addit:on, the need 
for a water-tight seal at the completion of the urinary 
tract anastomosis was found to be imperative. Kidneys 
from living donors with multiple renal arteries had the 
highest incidence of fistula, regardless of the type of 
urinary anastomosis used. Multiple renal arteries in 
cadaver donor kidneys had no greater <ncidence of 
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fistula formation than did single renal arteries in living 
or cadaveric donors. 

The presence of a donor kidney with multiple renal 
arteries should not be considered a contraindication to 
transplantation, per se, but special care must be 
taken not to sacrifice any of the arteries to the kidney 
and the periureteral and peripelvic fat must be pre- 
served with the kidney to protect the ureteral blood 
supply. It would appear from this review that the pres- 
ence of multiple arteries to the kidney somehow makes 
the pelvic and ureteral blood supply more tenuous and 
greater care must be taken to protect it. The presence 
of an acute rejection could not be correlated with the 
incidence of leakage, although it may play an, as yet, 
unrecognized role. 

The use of greater exposure of the kidney at the time 
of donor nephrectomy in living renal donors has resulted 
in a continued reduction in the incidence of urinary 
fistula at the Peter Bent Brigham Hospital. The most 
recent 120 renal transplants, performed over the past 
19.5 months since completion of this study, have develop 
only eight fistulae (6.7%) in contrast to the average 
rate of fistula formation of 22.7% during the earlier 
years of this series. In the year 1972, none of the three 
fistulae that occurred were the result of ureteral vascular 
insufficiency, the most common cause of previous urinary 
leakage. 
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The Symphysiotomy Approach to High Velocity Missile Trauma 


HE WEAPONRY of modern warfare includes high 

velocity projectiles which cause devastating injury. 
The availability to the United States population of 
‘weapons such as the M-16 rifle, which has a muzzle 
velocity of over 3200 feet per second, may bring battle- 
field-type trauma to the civilian medical practitioner. 
Therefore, it behooves the civilian surgeon to be able +o 
deal effectively with this sort of injury in the pelvis. The 
advantages of the symphysiotomy approach to high 
velocity missile injuries in the deep pelvis are empha- 
sized in this report. 

Urethral and bladder injuries comprised approxi- 
mately 30% of the 250 cases of genitourinary trauma 
seen at the 12th Evacuation Hospital, Republic of Souch 
Vietnam, 1967 to 1968 (Table 1). Of these 75 cases, 
approximately 10% were deep, high velocity pelvic gua- 
shot wounds. The first three patients with high veloci-y 
pelvic wounds treated by the more conventional methods 
of suprapubic,” perineal* or combined'* exploration died 
of hemorrhage or massive tissue necrosis. Therefors, 
it became evident that a less conventional surgical ez- 
posure is necessary, in these very special circumstances, 
in order to stop uncontrollable hemorrhage, allow for 
greater debridement of necrotic tissue and a more ae- 
curate reconstruction of severed parts without the lim#- 
tations imposed by the intact pubes. 

The answer to high velocity pelvic injuries lies in tke 
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symphysiotomy approach, previously advocated for other 
purposes.®-18.14,17.18 When symphysiotomy was employed 
all patients survived pelvic injury (Table 2). The one 
fatality after symphysiotomy was secondary to extra- 
pelvic injuries. All patients subjected to symphysiotomy 
underwent repair of the bladder neck and prostatic 
urethra. Longer than 2 weeks follow-up, except in the 
case reported, was impossible under battlefield con- 
ditions because of rapid military evacuation. 


Surgical Technic 


Symphysiotomy is the logical extension of the mid- 
abdominal, transperitoneal or extraperitoneal approach 
to injuries of the bladder neck, prostate and membrane- 
ous urethra. A clamp is inserted beneath the symphysis 
and in younger patients, especially, the cartilage cuts. 
through easily in the midline (Fig. 4). The clamp pre- 
vents the scalpel blade from penetrating too deeply. 
A rib spreader will exert enough mechanical advantage 
to allow exposure of up to 10 cm. between the edges of 
the divided symphysis (Fig. 6). Through this wide ex- 
posure all devitalized tissue is debrided back to viable 
margins and the continuity of the genitourinary system 
is re-established by conventional anastomotic methods. 
The urethra, bladder and bladder neck can be as accu- 
rately reconstituted as the injury will allow. | 

In order to prevent pelvic abscess formation, ade- 
quate wound drainage of the pararectal and paravesical 
spaces is mandatory. Suprapubic drains are brought 
out through separate stab wounds in the lower ab- 
dominal wall. When rectal injuries are present, depen- 
dent pararectal drains may be brought out through a 
coccygectomy or paracoccygeal incision. If there is an 
adequately debrided buttock wound, a drain can be 
brought through that tract also (Fig. 7). The urinary 
tract is drained with a small caliber urethral catheter left 


616 


Vol. 178 * No. 5 


TABLE 1 Site of Genito-urinary Injury 250 Cases; 12h Evacuation 
Hospital, Republic South Vietnam, 1967-1968 

Author, USAMC 
Kidney 35% 
Ureter 3% _ 
Bladder 20% _ Pelvic 
Urethra 10% | Wounds 
Penis 5% 
Testicle and Scrotum 25% 
Total, External Genitalia 40% 


as a guide for up to 14 days and a suprapubic cystostomy 
catheter for at least four weeks. 

Various methods of fixation of the symphysis have 
been described. Stainless steel wire in the manner of 
Spencer’? and Walker'® provides satisfactory stability. A 
Parham band through the obturator foramine, or Stein- 
man pins, that are later removed may also be used.° 
Indeed, fixation may be unnecessary for pelvic stability.® 


Case Report 


A Vietnamese soldier was first seen at a battaliom aid station 
in whom a gunshot wound of the upper left buttock was debrided. 
Subsequently, he could not urinate and a catheter was “passed” 
without results. He was transferred to our surgical facility with 
the diagnosis of “oliguria”. On admission, it was noted that there 
was an undiscovered entrance wound in the right thizh (Fig. 1). 
A urethral catheter met resistance at the level of the bladder 
neck and could not be irrigated. The prostate was boggy and 
there was no blood seen on the rectal glove. Abdominal ex- 
amination revealed guarding, tenderness, and disteation. Bowel 
sounds were hypoactive. The blood pressure was 70/40 mm. 
Hg, hematocrit was 17%. 

Whole blood and fluids were immediately admiaistered and 
when the patient was stabilized an intravenous pyelogram re- 
vealed bilaterally functioning kidneys and intact ureters to the 
ureterovesical junctions. No missiles or fragments were seen on 
X-rays. A retrograde cystourethrogram showed perifrostatic and 
perivesical extravasation of contrast material. The extravasation 
extended down the wound tract deep into the right thizh (Fig. 2). 

The patient was explored through a midline abdom nal incision. 
There was no intraperitoneal injury, but a massive, expanding 
perivesical hematoma was noted (Fig. 3). Althouga the blood 
pressure began to drop, no obvious bleeders were seen with the 
exposure obtained. A symphysiotomy was immediately performed 
and active hemorrhage was stopped under direct vision by ligating 
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TABLE 2. 


Surgical 

Approach Total Cases Total Deaths Cause of Death 
Suprapubic 2 2 Hemorraage 
Combined 1 Necrosis and 

- - Secondary Infection 
Total 3 3 
l 

Symphysiotomy 4 1 Sepsis ¿nd Hemor- 


rhage (Extrapelvic) 
from MFW’s Abdo- 
men anc Chest 
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Fıc. 1. Vietnamese Soldier N.D. Through and through gunshot 
wound of the pelvis. Entrance wound in right leg, exit wound in 
left buttock. 





Fic, 2. V.N. Soldier N.D. Retrograde cystogram with extravasa- 
tion down wound tract into right thigh. 
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Fic. 3. V.N. Soldier N.D. Transabdominal explorations with en- 
larging, massive perivesical hematoma. Head of patient to right. 


torn branches of the right internal pudendal artery and tributaries 
of the periprostatic venous plexus. The hematoma was evacuated 
and an anatomic repair of the shattered bladder neck and prostatic 
urethra was performed (Figs. 5, 6). 

Because of a perirectal hematoma, damage to the rectum was 
suspected despite the fact that the rectal wall was intact (see 
Discussion). A colostomy was performed and large drains were 
placed in the suprapubic and pararectal spaces. The pararectal 
drains were brought out the debrided posterior buttock wound 
(Fig. 7). The previously noted right thigh wound was widely 
opened and debrided. The exit wound made by the missile also 
was left open after debridement. 

Secondary closures of the right thigh and left buttock wounds 
were accomplished on the 14th postoperative day. The patient 
had continuity of his genitourinary system with resolving in- 
continence after all catheters were removed. He was able to stand 
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Fic. 4. V.N. Soldier N.D. Symphysiotomy for exposure in the 
pelvis. Head of patient towards bottom of photograph. 
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Fic. 5. V.N. Soldier N.D. Post-symphysiotomy. Hemorrhage con- 
trolled; shattered bladder neck and prostatic urethra. Note catheter 
passing through remanent of bladder neck from distal transected 
urethra. 


erect (Fig. 8) and walk without difficulty, although with a 
somewhat waddling gait at first. 


Discussion 


There is much literature about methods and ap- 
proaches to severe pelvic injuries involving the genito- 
urinary system and the bony pelvis: 4410,10, However, 
there is little written in the trauma literature about the 
symphysiotomy approach to high velocity penetrating 
injuries of this sort. The missile that passes completely 
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Fic. 6. V.N. Soldier N.D. Repair of bladder neck and urethra 
with chest retractor in place giving wide exposure of the sub- 
symphyseal space. Catheter in reanastomosed bladder neck. Para- 
rectal hematoma to right of torn bladder wall. 
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through the bony and muscular shield of the pelvis, 
from side to side, may involve every major contiguous 
structure within. For relatively small increases in veloc- 
ity, there is a great increase of energy transmitted to 
the tissue (E = mv?/2) with resultant transiert caviata- 
tion, so that there is considerable damage te the soft 
tissue quite a distance from the wound traet itself,! 
The interior damages are much worse with high speed 
missiles than the entrance wound would seer to imply 
and require very extensive debridement. 

The multiple injuries that can occur in high 
velocity missile trauma often make a transabdcminal ap- 
proach necessary to evaluate or repair intraperitoneal 
damages. This incision can be carried down tc the sym- 
physis pubis if there is an associated pelvic injury. Be- 
cause of extensive tissue destruction and hemorthage with 
high velocity pelvic missile trauma, there may be no 
good alternative to the symphysiotomy approzch which 
provides exposure unobtainable by the more coaventional 
methods. When there is urethral, prostatic ar bladder 
injury in less life-threating situations, the suprapubic, 
with or without buttressing sutures, the perineal, or com- 
bined approaches will serve well. However, it should be 
noted, the perineal approach carries with it the inherent 
danger of postoperative impotence.2* Also, the perineal 
or combined approaches may be contraindica-ed in the 
presence of concomitant hip fractures! because of the 
need for the lithotomy position during those procedures. 

Spencer and Robinson’ reached the conclasion that 
symphysiotomy is a valuable aid in controlling mas- 
sive hemorrhage in pelvic fractures. It has been used in 
situations where blood was scarce and continuity of the 
lower genitourinary tract had to be restored because 
catheter drainage could not be supported for ny length 
of time.!* Uncontrollable subsymphyseal hemorrhage is 
the one criterion that absolutely dictates the use of 
this procedure in high velocity missile injures of the 
pelvis. Despite the use of fresh blood. surgicel packing 
and hypogastric artery ligation, only symphysiotomy, pri- 
marily used, will salvage the patient. After inital failures 
with the more conventional approaches, we salvaged 
three patients who had sustained high velocity pelvic 
missile injuries by utilizing the symphsiotomy approach. 

With massive hemorrhage from pelvic fractures, Hauser 
and Perry’ advocate the use of hypogastric artery liga- 
tion when the blood pressure cannot be stabilized after a 
few units of blood. Ravitch,! on the other haad, would 
not ligate the hypogastrics and would attack the prob- 
lem operatively only after replacing 20 units of whole 
blood. Judging from our experience with hign velocity 
missile injury in Vietnam, hypogastric artery igation is 
not effective unless that vessel is actually invelved, and 
immediate symphysiotomy should be performed if the 
subsymphyseal bleeding so warrants, 
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Fic. 7. V.N. Soldier N.D. Debridement of wound tracts after 
closure of abdominal and symphysiotomy incisions. Drain placed 
in perirectal space exiting left buttock wound. 





Fic. 8. V.N. Soldier N.D. Postoperative 5 weeks, healing ab- 
dominal and symphysiotomy wounds. Cystotomy tube and 
colostomy in place. 
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One should be aware that the so-called “red ink” syn- 
drome that occurs in pelvic trauma can be secondary to 
massive blood transfusions with concomitant thrombo- 
cytopenia, hypocalcemia, or transfusion reactions. Simce 
the traumatized prostate could be a source of both 
fibrinolysins or thromboplastic activity, it is possible that 
fibrinolysis or even disseminated intravascular coagula- 
tion might be the cause of continued blood loss." 

The second reason that symphysiotomy is so useful 
in these cases is related to the extensive tissue destruc- 
tion that can occur with the high velocity missile. Wide 
exposure of the prostatomembranous urethra, urogenital 
diaphragm, prostate, bladder neck and rectum are nec- 
essary to effect an adequate debridement and primary 
repair, It should be borne in mind that allowing discon- 
tinuity of the genitourinary tract to persist results in a 
dense scar that will obscure the subsymphyseal space and 
makes a secondary reparative procedure extremely diffi- 
cult, if not impossible.'*-° 

The blast effect associated with high velocity buttock 
sacral wounds, either with or without direct pelvic peri- 
toneal invasion by the missile, can leave partially rup- 
tured coats of bowel or rectosigmoid which subsequently 
breakdown.” This does not seem to occur in the urinary 
bladder, perhaps because the fluid contents absorb the 
shock and widely distribute it. If there is any question 
of a blast injury to the rectum adjacent to prostato- 
vesical wounds, a colostomy should be performed, 

Contrary to popular opinion, symphysiotomy should 
not result in an unstable pelvis. Sandstein® noted that sub- 
luxation of the sacroiliac joint did not occur with any 
amount of separation in his dissections, and tearing of the 
anterior and superior ligaments of the joint begins only 
after a 7 cm. separation. The posterior ligaments hold 
the sacroiliac joint together and they are actually re- 
laxed during symphysiotomy exposure. Therefore, diffi- 
culty in locomotion should not be a serious sequela of this 
life-saving procedure, Our rationale for fixation of the 
symphysis was to replace the torn anterior ligaments of 
sacroiliac joints with stabilization further forward. 


Summary 


This report deals with an experience in high-velocity 
missile injuries to the pelvis arising out of a background 
of more than 250 genitourinary injuries treated by 
the author in South Vietnam. Serious considera- 
tion by the surgeon dealing with pelvic trauma, compli- 
cated by uncontrollable hemorrhage and extensive tissue 
destruction, should be given to the symphysiotomy ap- 
proach in this relatively inaccessible region. This ap- 
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proach used as an initial measure, has been life-saving 
and the postoperative difficulties with locomotion incon- 
sequential. 
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Rhabdomyosarcoma of the Tongue in an Infant: 


Results of Combined Radiation and Chemotherapy 


Tas per cent of all head and neck rhabdomyosar- 
comas have their origin in intraoral and pharyngeal 
structures; the tongue, however, is an uncommon site for 
this tumor. Of the 63 childhood head and necx rhab- 
domyosarcomas reported from the Mayo Clinic, only 
three originated in the tongue.’ Some series from other 
tumor centers report no tongue lesions. 
Rhabdomyosarcoma is third in frequency among the 
solid malignant tumors of childhood, exceeded only by 
Wilms’ tumor and neuroblastoma. It is a highly malig- 
nant tumor with local tissue invasion and lymphitic and 
hematogenous metastases. The embryonal type pre- 
dominates in the infant and young child and is the type 
which responds best to therapy. Surgery, radiotherapy 
and chemotherapeutic drugs have been used, alone and in 
combination, in treating this tumor. In some cases, com- 
plete surgical excision is not technically feasible or would 
be unusually mutilating; alternative modes of ther- 
apy must be employed. The following case illustrates the 
successful application of localized infusion chemotherapy 
and implantation radiotherapy to the treatment of a 
rhabdomyosarcoma of the tongue in an infant. 


Case Report 


A 3-month-old white male was admitted with a mass at the 
base of his tongue. This full-term infant was well until 10 days 
prior to admission when blood was noted on his crib sheets and 
a mass was seen at the base of his tongue. The mass ncreased 
in size during the following week and the child was referred 
for admission when he developed a cough and difficulty sucking. 

On admission, this normal-appearing 13% pound infant had a 
a i ati ep tnegine nz seating 
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visible, friable, oval 1.5 Xx 2.0 cm. mass at the base of the 
tongue, with palpable deep involvement of the tongue (Fig. 1). 
There was no evidence of extension into other structures of the 
neck, and there was no palpable adenopathy. Lateral X-ray studies 
of the neck demonstrated a soft tissue mass at the base of the 
tongue, filling most of the oropharynx. A thyroid scan for a 
possible lingual thyroid showed no uptake over the tongue lesion. 

On June 26, 1967, the superficial portion of the tongue mass 
was taken as an excisional biopsy. The child was discharged 
2 days later with no feeding or respiratory difficulties. The 
biopsy report was embryonal rhabdomyosarcoma (Fig. 2). 

At the time of readmission on July 9, 1967, the mass at the 
base of the tongue had doubled in size and was palpable to 
the vallecula; there was no palpable adenopathy. 

On July 10, 1967, iridium seeds, containing 12 mg. equivalents 
of iridium 192, were inserted percutaneously into the base of 
the tongue at the site of the lesion (Fig. 3). Because of the 
anticipated oropharyngeal obstruction from edema secondary to 
therapy, an elective tracheostomy and gastrostomy were per- 
formed. 

To potentiate the effect of the localized, implanted radiation 
source, a regional continuous infusion of actinomycin-D (15- 
micrograms/Kg/24 hours X 5 days) was chosen. The arterial 
catheter, placed through a cutdown in the right external carotid 
artery, was positioned with its tip at the origin of the lingual 
artery. Both sides of the tongue and the oropharynx could be 
infuseď from the unilateral arterial catheter; this fact was con- 
firmed by visualization under ultraviolet light following in- 
jection of fluorescein dye into the right external carotid catheter. 
The diluted daily dose of actinomycin-D was administered from 
a 5 cc. syringe connected by sterile tubing to the infusion catheter. 
A portable, battery-operated infusion pump was adjusted to 
advance the syringe plunger at a constant rate to deliver the 
full drug dose in 24 hours. Following the 5-day course of 
actinomycin-D, the catheter was simply withdrawn with no sub- 
sequent bleeding problems. 

The iridium seeds were removed on the 10th treatment day. 
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Fic. 1. Tumor mass at base of the tongue. 


There was considerable swelling and induration of the neck and 
oropharynx with a moderate skin reaction at the site of implanta- 
tion. Gastrostomy feedings, begun on the second postoperative 
day, were continued with progressive weight gain. No respiratory 
difficulties were encountered, as a result of good humidification 
and frequent aspiration of the trachea. Serial leukocyte and 
platelet counts during and after therapy demonstrated no severe 
hematopoietic depression. 

One month postoperatively the patient weighed 15 pounds, 
was fully active and alert. There was minimal induration of the 
base of the tongue and no palpable tumor mass. When the mother 
felt secure in her ability to handle the tracheostomy and gas- 
trostomy, the baby was discharged on August 20, 1967. The 
gastrostomy tube was removed after 2 months and the tracheos- 
tomy tube after 4 months, without incident. 

Chemotherapy with Velban, 8 mg./M?, was given weekly from 
December, 1967 to December, 1968, and then every 2 weeks 
for 6 months. There was no drug toxicity during the 13-month 
course of therapy. 

Repeated examinations over the 5-year period following initial 
therapy have failed to demonstrate recurrence of the original 
rhabdomyosarcoma or evidence of metastases. The radiation effects 
have been moderate mucositis of the pharynx, a small but 
mobile tongue, hypoplasia of the mandible and premature loss 
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of primary dentition. There is extensive scarring of the neck 
at the sites of the iridium seeds and tracheostomy (Fig. 4). 


Discussion 


Rhabdomyosarcoma of the tongue and oropharynx 
presents most commonly in the first decade of life.* 
This tumor has been reported at birth’ and in the early 
neonatal period.'* The median age is 5-6 years. There is 
no reported predominance of either sex. 

The presenting clinical finding in rhabdomyosarcoma 
of the head and neck is dependent on the location of the 
tumor mass. Rapidly growing lesions of the tongue and 
oropharynx may present early with dyspnea, dysphagia, 
cough or abnormal phonation. Even acute respiratory 
obstruction requiring tracheostomy has been reported.'° 
Trauma to the tumor from sucking or swallowing may 
cause bleeding, as in our patient. A variety of benign 
neoplasms, vascular malformations and ectopic tissues 
may also present as tongue masses. A biopsy is always 
indicated if the diagnosis is in doubt. 

Grossly, the tumor expands and infiltrates the muscle 
from which it arises, presenting first as a well-demarcated 
nodule or polypoid structure with rubbery or soft consis- 
tency. In the oropharynx, it may cause the overlying 
mucosa to bulge before eroding it. On cut surface the 
tumor may be white, pearly-gray or pink. Although the 
tumor may appear encapsulated, extension beyond its 
apparent edge can be demonstrated histologically. 

The prognosis in rhabdomyosarcoma of the head and 
neck is poor. A 5-year survival of 8-12% is generally re- 
ported, with persistent metastases in some of these late 
survivors.”:*!? Our patient has survived more than 6 years 
following diagnosis, Experience with this tumor indicates 
a probable cure. 

Therapy for primary rhabdomyosarcoma of the head 


and neck has included local and radical surgery, radio-~ 


therapy and chemotherapy, individually and in combina- 
tion. The longest survivals in tongue lesions have been 
with operation alone? and operation with irradiation.* 
Rhabdomyosarcoma is not generally considered a radio- 
sensitive tumor. The embryonal type, however, responds 
better than the alveolar or pleomorphic types to radiation 
and chemotherapy and carries a better prognosis.® Tn 
Actinomycin-D has been shown effective in treating 
embryonal rhabdomyosarcoma when used alone and to 
potentiate the effects of radiotherapy. Current chemo- 
therapeutic regimens now include the additional use 
of drugs such as vincristine, Cytoxan, chlorambucil and 
methotrexate.™!112 The use of wide surgical excision 
when possible, followed by radiation and chemotherapy, 
seems to have the best potential for long survival.+5 

In our patient, radical surgical excision would have 
necessitated total glossectomy and partial hypopharyn- 
gectomy. The alternative of chemotherapy with actino- 
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Fic. 2, Photomicrograph 
of excised superficial por- 
tion of tongue rhabdomy- 
osarcoma. 
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Fic. 3. Iridium implant pattern for the base of tongue lesion, 
seen N antero-posterior and lateral views. 
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Fic. 4. The patient’s appearance at almost 5 years of age. 


mycin-D, combined with radiotherapy, was chosen for 
initial therapy. 

Implantation radiotherapy with needles or seeds is an 
effective mode of therapy for localized carcinoma of the 
tongue in the adult, and has been used successfully in a 
rare childhood carcinoma.® The use of radon seeds and 
needles in the treatment of rhabdomyosarcoma in chil- 
dren is mentioned in a report from the Mayo Clinic.* In 
the treatment of the rhabdomyosarcoma of the tongue in 
this 3-month infant, it was felt that continuous therapy 
from a fixed local source would obviate the problems ot 
motion and field localization inherent in giving tele- 
therapy to such an infant. Koop and Tewarsonë had re- 
ported the use of intra-arterial chemotherapy for child- 
hood rhabdomyosarcoma of the head and neck; they 
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gave single daily doses and did not use simultaneous 
chemotherapy and radiotherapy. 


Summary 


Localized treatment of an embryonal rhabdomyosar- 
coma of the base of the tongue in a 3-month-old infant 
is reported. Therapy consisted of implantation of irid- 
ium 192 seeds and infusion of actinomycin-D into the 
external carotid artery followed by a long course of 
vincristine. Six years after initial therapy the child has 
normal function of the tongue and mouth and no clinical 
evidence of tumor. 
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N 1960 Martin et al” described an unusual smooth 
muscle tumor of the stomach which tłey called 
“myoid” tumor. Stout" in 1962 applied the term “leiomyo- 
blastoma” to this group of neoplasms following a study 
of 69 cases. These tumors, he believed, could nct be classi- 
fied as either a leiomyoma or leiomyosarcoma, and while 
biologically benign, on rare occasions they could display 
malignancy by metastasizing. The distinguishing feature 
on light microscopy is a large, oval or polyhedral cell, the 
nucleus of which is surrounded by a clear zone that does 
not stain for mucus, glycogen or lipids. Leiomroblastoma 
is relatively rare and many diagnoses have been applied 
by pathologists to this unusual tumor. Howerer, gastric 
leiomyoblastoma is being recognized with increasing 
frequency and over 190 reports have appeared in the 
world literature.' Three new and interesting cases are 
being presented. 


Case Reports 


Case 1. J.C., a 31-year-old Negro man was admitted to the 
Washington Hospital Center, Washington, D.C., om January 7, 
1969. Two days prior to admission, he complained of cramping 
abdominal pain which was located in both lower quadrants of 
the abdomen, but was more marked on the right side. He was 
anorexic and nauseated but he had not vomited. No history of 
abdominal trauma or injury was obtained. 

Examination revealed a well developed and mascular man. 
The oral temperature was 37.2 C. The pertinent findings were 
confined to the abdomen. The abdomen was mederately dis- 
tended, and diffuse muscle guarding was present No masses 
could be palpated. There was tenderness to pressire over the 
lower abdomen, which was most marked over McBarney’s point. 
Peristaltic sounds were hypoactive. 
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Because of the diffuse abdominal rigidity, roentgenograms of 
the chest and flat and upright films of the abdomen were ob- 
tained. The roentgenograms were negative, an abdominal mass 
not visualized, and free air was not present. The white blood 
count was 10,000 cells per c.cm. with a differential count of 
79% polymorphonuclear cells. The hemoglobin was 11.5 Gm./100 
cc. and the hematocrit was 35. The urinalysis was unremarkable. 
The preoperative diagnosis was acute appendicitis. 

He was operated upon shortly after admission. A right trans- 
verse McBurney incision was made. The peritoneum was noted 
to have a bluish discoloration. A minute incision was made in 
the peritoneum and bloody fluid escaped. The incision was 
quickly enlarged, subumbilically, transecting both rectus muscles. 
Fifteen hundred cc. of dark clotted and unclotted blood was 
evacuated, A large mass, covered by omentum and with many 
dilated blood vessels on its surface, was delivered into the wound. 
The mass was found to arise from the anterior wall of the stomach, 
4 cm. proximal to the pylorus and was attached to the stomach 
by a narrow pedicle, 1 cm. wide and 2 cm. long. The tumor 
was primarily solid and lobulated, but several hemorrhagic cysts 
were present. A long, linear tear was noted on the anterior 
surface. A wedge resection, which included a wide rim of 
normal gastric tissue, was accomplished. A two layer closure 
of the stomach wall was then performed; the appendix was 
removed, A triple lumen drain was inserted through a separate 
stab wound and the abdominal wall was closed in layers. The 
patient received two units of whole blood during the procedure. 

The postoperative course was uneventful except for an episode 
of acute gastric dilatation which responded to nasogastric suction. 
He was discharged from the hospital on January 19, 1969, 12 
days after operation. He was alive and well 3 years later and 
a roentgenogram of the stomach was normal. 

The pathologic examination of the specimen revealed a mass 
that appeared encapsulated and was covered by omentum. The 
measurements were 19 by 15 by 4 cm. and the specimen 
weighed 1,105 Gm. A linear tear was present on the anterior 
surface. The external surface was glistening, smooth and was 
dark red in color (Fig. 1). The cut surface was firm, pinkish 
tan in color, A large cystic area, 7 cm. in maximum diameter 
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Fic. 1: (Case 1). Photograph of tumor, which measured 
19 x 15 X 4 cm. The mass is multilobulated and covered by 
omentum. The tip of the Allis clamp grasps the small pedicle 
by which the tumor was attached to the stomach. Hemorrhage 
and a fracture is noted on the right. l 





Fic. 2. (Case 1). Cut surface of the specimen. The tumor is 
primarily a solid one with hemorrhage superiorly, A large 7 am. 
cyst is seen on the right. 


Fic. 3. (Case 1). Photomicrograph demonstrates typical round 
cells with perinuclear clear spaces. A few cells with eccentric 
nuclei have a signet ring appearance. Also noted are blunt-end 


spindle cells. (H and E, X500). 


was also noted (Fig. 2). The histologic diagnosis was leiomyo- 
blastoma and there were no mitoses (Fig. 3). 

Case 2. W.S., a 67-year-old Caucasian man was admitted to 
the hospital on April 21, 1971, on the service of Dr. Leon 
Gerber. His chief complaint was rectal bleeding. He had severe 
pulmonary emphysema for several years with marked dyspnea 
on exertion. He was treated with intermittent positive pressure 
breathing exercises, steroids, xanthine drugs and inhalation 
therapy prior to operation. Biopsy of a fungating, polypoid mass 
of the rectum, 15 cm. from the anal verge, was reported as 
adenocarcinoma. On May 3, 1971, an anterior resection of the 
rectosigmoid area, complemented by a cecostomy and gastrostomy 
was carried out. At the site of gastrostomy, in the antrum, a 
small nodule in the gastric wall was removed for study. The 
fungating mass in the rectosigmoid region measured 1.5 by 
1.5 cm. and the pathologic diagnosis was adenocarcinoma, Duke’s 
A. The gastric nodule measured 0.5 cm. and the pathologic diag- 
nosis was leiomyoblastoma (Fig. 4). No mitoses were seen. 

The postoperative course was complicated by a mild urinary 
tract infection and a wound infection. He was discharged from 
the hospital on May 26, 1971, 23 days after operation. 

He was readmitted to the hospital on June 25, 1971, with 
intestinal obstruction. He was operated upon on June 27, 1971, 
and the obstruction was found to be caused by adhesions, 
which were lysed. Three days later the electrocardiogram demon- 
strated right atrial and ventricular enlargement. Respirations 
became labored. Roentgenograms of the chest demonstrated the 
presence of diffuse bronchopneumonia. Klebsiella aerobacter and 
Pseudomonas aeruginosa organisms cultured from the 
sputum. Despite all supportive measures, and vigorous anti- 
biotic therapy, his course was progressively downhill. He de- 
veloped a massive left pneumothorax due to a ruptured bleb 
and died on July 7, 1971. Necropsy revealed an acute, necrotizing 
pneumonia, bilateral; massive pneumothorax, left; and a loculated 
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purulent peritonitis. 

Case 3. J.B, á 78-year-old Caucasian man was admitted to 
the hospital on October 28, 1971. Two weeks prior to admission 
he developed alternating constipation and diarrhea. During the 
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previous six months, he complained of anorexia and a weight 
loss of 10 pounds. He slept on four pillows because ef dyspnea 
and he had nocturia three to five times per night. 

The patient had had two episodes of myocardial in arction 12 
years before and a prostatectomy had been performed 10 years 
previously. He had been treated for some time with anti- 
coagulants, a digitalis derivative and diuretics. An abdominal 
mass had been noted 4 years before and had very slowly in- 
creased in size. 

Examination revealed an alert, asthenic, elderly man with 
severe organic heart disease and in chronic heart failure with 
mitral regurgitation, calcific aortic stenosis, cardiomegaly, and 
coronary atherosclerotic artery disease. The electrozardiogram 
demonstrated a left anterior superior hemi-block, olJ, anterior 
wall; and an intraventricular conduction defect. A firm Jo>ulated, 
grapefruit-sized mass was palpated in the abdomen te the right 
of the umbilicus, extending upward to the right hype chondrium 
and epigastrium. The mass could be moved for 4 inches, side 
to side and to a lesser extent superiorly. 

An upper gastrointestinal series demonstrated a large extrinsic 
defect in the distal stomach and displacement of -he second 
part of the duodenum (Fig. 5). A small bowel serses, barium 
enema X-ray, and an intravenous pyelogram were unremarkable. 
Roentgenograms of the chest revealed a markedly enlarged heart. 
A liver scan was normal and the pancreas was not visualized 
by scan, Selective arteriography demonstrated markel displace- 
ment of the gastroduodenal and the right gastroepipbic arteries 
(Fig. 6). It was the radiologist’s opinion that the mass was a 
pancreatic cyst or tumor. However, from the clincal stand- 
point, leiomyoblastoma was considered as a secondary diagnosis 
because of the absence of jaundice, the antral defect, the mobility 
of the mass and the findings on selective arteriography. 

Exploration of the abdomen was performed througa an upper 
transverse incision on November 11, 1971. A large mas, 14 by 13 
cm., was seen to occupy the lesser sac and originate] from the 
posterior part of the antral region of the stomach. The tumor 
was adherent to the pancreas and invaded the transrerse meso- 
colon, transverse colon, and the gastrocolic omentum The mass 
was lobulated, firm in consistency, and grayish tam in color. 





Fic. 4. (Case 2), Photomicrograph revealing roundec cells with 
polygonal to oval nuclei. Many of the cells have periniclear clear 
spaces. ( H and E, x 400). 
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Fic. 5. (Case 3). Upper gastrointestinal series demonstrating a 
defect in the antral region of the stomach and displacement of 
the duodenum. 


Small areas of cystic degeneration were present. Multiple small 
metastatic nodules were scattered throughout the liver and were 
concentrated in the dome. A large metastatic node was palpated 
to the right of the gastroesophageal junction (Figs. 7, 8). Many 
enlarged nodes were present in the gastrocolic omentum. Leiomyo- 





Fic. 6. (Case 3). 


Selective coeliac arteriogram demonstrating 
elongation and displacement of the gastro-duodenal and right 
gastro-epiploic arteries (arrows) by tumor. 
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Fic. 7. (Case 3). Operative photograph reveals the large tamor 
arising from the antrum of the stomach. Multiple small nodules 
are noted in the liver and gastrocolic omentum, A large node is 
seen in the gastrohepatic omentum. . 


blastoma was again suggested as a diagnosis at this time. The gall- 
bladder contained many small stones. An incision was made in 
the fundus of the gallbladder and many small calculi were re- 
moved; a cholecystojejunostomy and biopsy of the tumor mass 





Fic. 8. (Case 3). Transverse colon has been elevated revealing 
invasion of the root of the mesentery. 
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Fic. 9. (Case 3). Photomicrograph demonstrates sheets of large 
rounded cells with polyhedral and rounded nuclei and perinuclear 
clear spaces. A mitotic figure is noted near the center of the 
photograph. (H and E, x 400). 


was then performed. The tumor was considered inoperable. 

The postoperative course was complicated by episodes of 
mental confusion. Pulmonary embolization to the right lung oc- 
curred which was associated with a small right pleural effusion. 
He was treated with anticoagulants and antibiotics. He gradually 
improved and was discharged from the hospital on December 
17, 1971, 36 days after operation. He died suddenly at home 
10 days later of heart failure. 

The pathologic diagnosis was malignant leiomyoblastoma with 
metastases to the liver and lymph nodes (Fig. 9). The mitotic 
count was 14 per 50 high power fields. 


Comment 


The first case was of interest because of the rarity of 
this neoplasm in a black patient under the age of 40. The 
lesion presented clinically as acute appendicitis, the only 
such case reported in the literature. The tumor was among 
one of the largest recorded and was the third case in 
which there was massive intraperitoneal bleeding; other 
cases were reported by Kelsey* and by Wolf.'* In our 
second case, the tumor was an incidental finding at the 
time of operation and it was one of the smallest recorded. 
The third case was an example of a mlaignant form of 
leiomyoblastoma with evidence of metastases to the 
liver and lymph nodes. The tumor was large and showed 
invasive characteristics. The mitotic count was high— 
14 per 50 high power fields. It was one of the few 
cases in which selective arteriography had been done. 
The possibility of this tumor being a leiomyoblastoma 
was considered preoperatively and at the operating table. 


Discussion 


Over 190 detailed case reports of gastric leiomyo- 
blastoma were collected from the literature and re- 
viewed.' The following discussion is a brief summation 
of the findings. 

Gastric leiomyoblastoma occurs slightly more often in 
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males than females, in a ratio of 9 to 7. It is essentially an 
adult disease, 86.4% of the patients were over 41 years of 
age and only nine patients were under the age of 30 years. 
The youngest patient was 12" and the oldest 9_ years.1° 
Most of the instances occurred in the Caucasian race. 

Symptoms that prompted investigation of the upper 
gastrointestinal tract were bleeding (hematemesis, or 
melena), indigestion, abdominal pain or anemia. In 
27.3%,the patients were asymptomatic, the symptoms 
were not recorded or the tumor was an incidental 
finding. In the remaining 72.7% of the cases, the patients 
were symptomatic. Bleeding, either alone, or <ssociated 
with indigestion, occurred in 60%, whereas irdigestion 
or pain alone was noted in 35% of the synaptomatic 
cases. Anemia was the only finding in a few patients. 
An abdominal mass was palpable in 24% of the patients. 

The preoperative diagnoses in two thirds cf the pa- 
tients was gastric tumor; followed in frequency by 
peptic ulcer, gallbladder disease, ovarian and pancre- 
atic tumor in the others. In single instances operation 
was done for a variety of other diagnoses. In a “ew cases, 
the tumor was either an incidental or necropsy finding. 

Radiography was the most valuable diagnostic study. 
About 70% of the tumors were located in the antrum of 
the stomach. They were rarely found in the ccrdia. The 
majority grow intraluminally and a round or polypoid 
defect may be seen. There is no stenosis, irregularity or 
disturbance of peristalsis as is noted with carcinoma. 
With the advent of the newer gastroscopes, gastroscopy is 
being performed with increasing frequency. The tumor 
is frequently noted to be umbilicated or ulcerated. In 
selected instances, selective arteriography, peritoneos- 
copy or peritoneal tap may supply useful info-mation. 

Leiomyoblastoma of the stomach appears circum- 
scribed but it is microscopically infiltrating. The growth 
is usually intraluminal but about 20% present as exo- 
gastric growths. The latter are usually multilobulated 
and cystic degeneration, hemorrhage or necrosis are 
often present. The largest leiomyoblastoma recorded 
measured 35 by 20 by 8 cm.'* The smallest was 0.5 cm.— 
our second case in addition to the cases reported by 
Stout’? and by Tanghe et al.” In one fifth of the patients 
the growths measured 10 cm. or more. They are usually 
single in number, but 7% were multiple. Ulcerztions were 
noted in approximately one half of the cases. The con- 
sistency of the masses is soft to firm and the cølor ranges 
from tan to dark red, 

On light microscopy, the characteristic cell of leio- 
myoblastoma ranges in size from 15 to 25 U m diameter 
and is round or polyhedral in shape. The crtoplasm is 
acidophilic and finely granular. The nucleus can be cen- 
tral or eccentric, and the cell often has a signet ring 
appearance. The nucleus is surrounded by a clear zone 
that does not stain for mucus, glycogen, or lipids. The 
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clear zone has been shown to be an artifact of formalin 
fixation.?.” 

The smooth muscle origin of leiomyoblastoma is sup- 
ported by study with the electron microscope. Salazar 
and Totten® base this contention on the findings of typical 
myofibrils, 60-80 A in diameter, and the presence of 
pinocytic vesicles, convoluted nuclei, and the basement 
material and attachment structures. 

The selection of treatment in the cases reviewed has 
varied from gastric resection in about two-thirds of the 
patients to wedge or segmental resection in slightly 
less than one third of the patients. In a few instances, 
enucleation, exploration only, or a non-resectional pro- 
cedure was done. In general, if the tumor is small, single 
or pedunculated, wedge resection, with the removal of 
a large cuff of normal gastric wall is adequate. Frozen 
section can help in the decision to perform a more ex- 
tensive resection. When there is more extensive involve- 
ment of the stomach or when multiple tumors are present 
gastric resection is required. Total gastrectomy may be 
necessary for recurrent disease or if there is diffuse in- 
volvement of the stomach. Enucleation should be avoided 
since the growths are locally invasive. In the presence 
of malignancy with metastases to liver, probably little 
is to be gained by an aggressive attack; however, some 
have survived 3 years or more with diffuse liver me- 
tastases. Of interest was Girard’s? 24-year-old female 
patient. At the initial exploration, only a biopsy of the 
stomach was done since a massive liver metastases was 
present. Nine months later a right hepatectomy and 
partial gastrectomy was done. Recurrent tumor of the 
right gutter was excised 20 months later. With local or 
regional spread an aggressive approach is feasible. 
Maillet’s patient® had a gastrectomy, splenectomy and 
left pancreatectomy. Recurrent tumor involving the left 
retroperitoneal area, left kidney and adrenal was re- 
moved 8 years and 10 months later. 

Stout" studied the mitotic rate per 50 high power fields, 
hoping that it could provide a means of classification of 
benign or malignant leiomyoblastoma. Even in his series, 
there were elevated counts without clinical evidence of 
malignancy and spread. Furthermore, analysis of the re- 
corded cases demonstrated elevated counts in patients 
who had no actual metastatic spread. Therefore, the 
study of the mitotic count per 50 high power fields 
alone cannot be regarded as indicating malignancy if 
elevated, nor does a low count exclude malignancy. How- 
ever, a very high mitotic count over 1 per HPF and the 
finding of pleomorphism and hyperchromatism should 
make one suspect malignancy. 

Malignant gastric leiomyoblastoma with evidence of 
metastatic spread was recorded in 23 patients collected 
from the literature—an incidence of 12%. Thirteen cases 
were collected through 1971, Recently, Lavin et al. re- 
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ported the cases of 10 other patients, nine of whom 
died of metastatic disease. In the former group we could 
find no direct correlation between size of the neoplasm 
and malignancy. Only three patients in this group 
died of the malignancy, two others died of other causes. 
The longevity of the eight other patients is unknown 
since the time of their reporting (most had survived for 
over 3 years). The liver was the most frequent site 
of metastasis. 

In approximately one-fourth of the patients that were 
recorded through the year 1971, a record of follow-up 
was not stated. In a few other cases, the lesion was found 
at necropsy or the patient died in the immediate pest- 
operative period. Excluding the above cases, 55% sur- 
vived for over 3 years and 66% of these patients lived 
longer than 5 years. Of the 12 deaths during the entire 
period of follow-up, only three died of the disease." =Y 
In 1972, Lavin et al.° reported the cases of 10 patients 
who died with metastatic disease—one postoperatively. 


Summary 


Three cases of gastric leiomyoblastoma are reported. 
The first patient had symptoms of acute appendicitis, and 
at operation a large amount of intraperitoneal blood was 
found; the third patient had massive intraperitoneal 
bleeding. The large size of the lesion and its occurrence 
in a 31 year-old black man is also of interest. The second 
patient had one of the smallest recorded tumors which 
was an incidental finding at operation. The third patient 
was an example of a malignant leiomyoblastoma with 
evidence of metastases to the liver and lymph noces. 
He was one of the few patients in whom selective 
arteriography had been performed and in whom a pre- 
operative diagnosis of leiomyoblastoma had been con- 
sidered as a possibility. 

The subject of gastric leiomyoblastoma is briefly re- 
viewed from the clinical and pathologic aspects. The 
tumor has a malignant potential, although in most of the 
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recorded cases, a benign course was pursued. Twelve 
per cent of the cases were malignant with evidence of 
metastastic spread. These tumors should be classified 
with other smooth muscle tumors of the stomach. 
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Gastric Teratoma in Infancy: 


Report of a Case and Review of World Literature 


ERATOMAS are true neoplasms arising from totipo- 

tential cells so that they are often composed of 
numerous types of tissues, and may be benign or malig- 
nant. They commonly arise in the ovary and testis. Gas- 
tric teratoma is a rare tumor. The first case was reported 
by Eusterman and Sentry? in 1922 of a 31-year-old male. 
Extensive review of the world literature shows that 29 
cases have been reported. We recently enconntered a 
case of gastric teratoma in a 3-month-old boy. We believe 
this is the 30th case reported. In the study of Moore,” 
he included, through personal communication with other 
surgeons, three cases of gastric teratoma; two patients 
were treated with subtotal gastrectomy and one with 
tubular resection. These cases are not included in our 
review. 


Case Report 


K.H., a 3-month-old infant, was admitted to William Beaumont 
Hospital on December 26, 1971, because of intermittent bilious 
vomiting, especially after feeding, for 1 week. There was no 
hematemesis or other illnesses prior to admission. On physical 
examination the baby appeared well developed, wel! nourished, 
weighing 12 lbs. 4.0 oz. and not in distress. A mass, the size 
of an orange fruit, slightly movable, non-tender and hard was 
palpable in the epigastrium. Laboratory examination showed 
hemoglobin 13.6 Gm./100 ml. WBC 9,900 per cubic mm., 
differential count of 1 band, 26 neutrophils, 61 I-mphocytes, 
7 monocytes, 5 eosinophils. Plain roentgenogram showed irregular 
areas of calcification on the left upper quadrant of the abdomen 
(Fig. 1). Intravenous pyelogram showed no intrinsic abnormality 
or displacement of the kidneys and lower collectng system. 
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Barium enema X-ray indicated the transverse and descending 
colon to be displaced anteriorly and inferiorly. Upper gastro- 
intestinal X-ray study was not performed. Preoperative diagnoses 
were teratoid tumor, neuroblastoma and pancreatic cyst. 

At operation, the mass occupied the lesser sac and originated 
from the posterior wall at the body of the stomach, adjacent 
to the greater curvature. The attachment was by a short pedicle 
of 3.0 cm. in outer diameter. Complete excision of the mass 
necessitated partial resection of the gastric mucosa. The defect 
created was closed in two layers. A gastrostomy tube was in- 
serted. The postoperative course was uneventful. 

The mass consisted of multinodular bluish-white soft tissue 
that appeared encapsulated with a filamentous membrane. The 
point of attachment to the stomach showed 5.0 mm. diameter of 
gastric mucosa (Fig. 2). Sectioning revealed white soft tissue 
with intervening cystic spaces filled with mucus; irregular frag- 
ments of cartilagenous and bony tissues (Fig. 3). Microscopic 
examination revealed respiratory epithelium suggesting the forma- 
tion of bronchi, mature cartilage, fat, mucus secreting epithelium 
consistent with gastrointestinal tract; well formed squamous epi- 
thelium, central nervous system tissue, mature bone with marrow 
tissue between bony spicules. All elements appeared benign (Figs. 
4,5, 6, and 7). 


Discussion 


The main features of the cases reported in the world 
literature on gastric teratoma are summarized in Table 1. 
These lesions are found mostly in infants, These large 
tumors presenting in the newborn may Cause premature 
labor or dystocia. Respiratory difficulty is also common 
caused by upward displacement of the diaphragm by 
the tumor. Some infants have upper gastrointestinal 
hemorrhage; these instances generally occur in those 
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Fic. 1. Plain film of the abdomen showing areas of calcification 
on the left upper quadrant area. 





Fic. 2. The entire mass with the pedicle which was attached 
to the posterior wall of the stomach. Arrow points to the gas‘tic 
mucosa resected for complete excision of tumor. 
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Fic. 3. Cross section of the mass which consists of multiple 
cystic spaces filled with mucoid material. Mass is well en- 
capsulated. 


in whom the tumor grows intramurally and ulceration of 
the overlying mucosa is the cause of bleeding. Preopera- 
tive film of the abdomen usually reveals irregular areas of 
calcifications corresponding to the bony structures within 
the tumor. All the cases so far reported have occurred in 
males. The preoperative diagnoses consist of neuro- 
blastoma, pancreatic cyst, omental cyst, splenic cyst, 
Wilms’ tumor and teratoid tumor. 

The surgical treatment is dictated by the type and ex- 
tent of involvement of the stomach. If the tumor is at- 
tached to the stomach on the serosal surface by a small 
pedicle, excision including a portion of the gastric 
mucosa is sufficient. Giacomono® left the mucosa intact 
after excision of the tumor and the patient recovered 
satisfactorily. His patient had the only teratoma which 
involved the gastroesophageal junction and the proximal 
lesser curvature. If the tumor involves a great extent of 
the stomach and grows intramurally, a partial gastrectomy 
is necessary. In the patient of De Angelis,° the entire 
stomach was involved and a total gastrectomy was per- 
formed. At the time of publication, the baby was 2 years 
old and well. This is the only instance of gastric teratoma 
which was treated with total gastrectomy. 

The prognosis of this tumor after excision is excellent. 
All the cases are benign, The tumor consists of tissues 
derived from the three germ layers. 


Summary 


The 30th case of gastric teratoma in infancy is reported. 
An extensive review of the world literature is summarized 
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Fic. 4. Stratified colum- 
nar ciliated epithelium 
with underlying cartilage 
suggesting the formation 
of bronchus. 





Fic. 5. Tall simple co- 
lumnar epithelium with 
underlying lamina pro- 
pria, muscularis mucosa, 
and submucosa suggest- 
ing the formation of gas- 
trointestinal tract. 
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Fic. 6. Well developed 
skin. 
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Fic. 7. A cavity lined 
by low cuboidal epithe- 
lium with plexus forma- 
tion. Surrounding struc- 
ture is nervous tissue. 
The picture suggests the 
formation of the brain 
with its ventricle and 
ependymal lining. 
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TABLE 1. Reported Cases of Gastric Teratoma 
Signs and Calcifi- | Location 
Year Age Sex Symptoms cations of tumor Growth Size Treatment Result 
1922 31 yr. M — — Post. wall Exogastric 7X6X5 cm. Excision Recovered 
1936 8 yr. M abdm. pain, None Post. wall Exogastric 100 Gm. Excision Recovered 
mass, fever 
1943 3 mos M abdm. distention None Ant. Wall Exogastric 15X10X8 cm. Excision Recovered 
1952 7 mos M mass, pallor, None Post. wall Endogastric 5 cm. diam. Sub. gas- Recovered 
UGI bleeding antrum trectomy 
1955 4 mos M abdm. distention, Yes Ant. wall Exogastric 12X8X6cm. Excision Recovered 
constipation 
1955 6 wks. M vomiting Yes Post. wall Exogastric 690 Gm. Excision Recovered 
1956 5 da. M Palpable mass Yes 3 cm. base Exogastric 12X8X6cm. Excision Recovered 
attachment? 
1958 6 wks. M pallor, melena, None Post. wall Exo and endo 990 Gm. Partial Recovered 
dyspnea fundus gastric gastrectomy 
1959 6 wks. M vomiting and None Post. wall Endogastric one-half No surg. Died 
weight loss stomach 
1960 10 mos. M palpable mass Yes Encircles Exogastric 15X13X10 cm. Partial Recovered 
distal 1/3 gastrectomy 
1960 25 yr. M — — Ant. wall Exogastric 4X3 cm. Partial Recovered 
gastrectomy 
1961 15 da. M vomiting, abdm — Post. wall — — — 
mass, Cyanosis 
1962 1 day M abdm.distentioa Yes Greater Exogastric 310 Gm. Excision Died 
curvature 10X8X6 cm. 
1962 9 mos. M abdm. mass None Ant. wall Exogastric 8X6X6 cm. Excision Recovered 
1963 1 da M abdm. mass Yes Ant. wall Exogastric 10X9X7 cm. Excision Recovered 
1963 15 da. M melena Yes Lesser curv. Endogystric 4X3X3 cm. Partial Recovered 
gastrectomy 
1964 2 yr. M abdm. distentiom Yes Post. wall Exogastric 18X16X6cm. Excision Recovered 
1964 2 mos. M abdm. distention None Fundus Endo and 10X5 cm. Operation Died 
Exogastric abandoned 
1964 40 yr. M — — Lesser curv. Exogastric 7X6 cm. Excision Recovered 
1965 10 wks M abdm. distention Yes Ant. wall Exogastric 13X10X4 cm. Excision Recovered 
490 Gm. 
1965 3 yf: M abdm.distentior Yes Post. wall Exogastric 15X10X10 cm. Excision Recovered 
prepyloric 700 Gm. 
1967 7 da. M Palpable mass Yes Ant. wall Exogastric 11X9X6 cm. Excision Recovered 
1967 1 da. M palpable mass Yes Post. wall Endo & 10X8X7 cm. Partial Recovered 
exogastric Gastrectomy 
1967 1 da. M palpable mass Yes Post. wall Exogastric 12X8.5X7 cm.. Excision Recovered 
1968 5 hr. M respiratory Yes Greater Exogastric 132K 12X Excision Recovered 
distress curvature 5.5 cm. 450 Gm. 
1969 6 hr. M _ hematemesis, Not Entire Endogastric 490 Gm. Total Recovered 
dyspnea taken stomach Gastrectomy 
1968 3 mos. M abdm.distentior Yes Post. wall — Exogastric 15X12X12 cm. Excision Recovered 
of esophagus 
& lesser curv. 
1969 16 mos. M abdm.distentior None Post. wall Exogastric 12 cm. diam. Excision Recovered 
620 Gm. 
1970 1 da. M abdm. distention Yes Mid. less. Exogastric 540 Gm. Partial Recovered 
curv. gastrectomy 
1971 3 mos. M vomiting, Yes Post. wall Exogastric 7 cm. diam. Excision Recovered 
palpable mass 140 Gm. 


Huang 
(our case) 
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Animportant advance 
-n cancer chemotherapy 
from Bristol Laboratories 


new Blenoxane 


(sterile bleomycin sulfate) 


An effective palliative 
agent and adjuvant to 
` radiotherapy and surgery 
in selected tumors. 


Please see last page for complete prescribing information. 


new blenoxane 
(sterile bleomycin sulfate) 


A selective, antineoplastic antibiotic 





Blenoxane (sterile bleomycin sulfate) is an antineoplastic formulation of bleomycin, the 
basic glycopeptide antibiotic isolated from a strain of Streptomyces verticillus in 1962. Although 
the exact mechanism of the agent’s antitumor effect 1s not completely understood, it is associated 
with an inhibition of DNA synthesis, with some evidence of lesser inhibition of RNA and 
protein synthesis. Most of the clinical experience with Blenoxane reported to date has involved 
patients in advanced stages of cancer who had failed to respond adequately to other drugs or 
modes of therapy. Even in these cases, however, Blenoxane has often produced good results. 


Evaluable Responses | highest rate of activity in 


squamous cell Head and neck 181 65 squamous carcinoma that has 


Larynx and paralarynx 52 16 so far been found for any drug, 


Cervix 69 12 


carcinomas Vulva 13 8 and thus offers hope of new 


1/ in selected a es etch é This antibiotic has the 





Vagina 4 1 E EE TOE ES Be a: 
Penis ii i clinical studies that can providi 
Skin 29 9 


a basis for better therapy. 99 1 


Evaluable Responses | the very high incidence of 


2/ in selected Type Dunn Moie) aa Perhaps more striking 1s 
lymphomas Hodgkin's disease 116 49 prompt responses seen in 
T 29 





Reticulum cell sarcoma 11 advanced Stage LV Hodgkin’s 
Lymphosarcoma 28 14 : E 
Mycosis fungoides 9 5 disease.99 2 


3/ in selected na Patients Numberot| @@l2 some tumors it appears 


Evaluable Responses | to be as good as or even more 


te sticular Hmbeyinai cet efficacious than [previously 
carernedia OF he, available] chemotherapy.9® ` 
° testes; treated with: s 
Carcmomas bleomycin 29 13 
bleomycin plus vinblastine 13 10 
Choriocarcinoma of the 
testes; treated with: 
bleomyein 7 2 
bleomycin plus vinblastine 4 3 
Teratocarcinoma of the 
testes; treated with: 
bleomyein 1 
bleomyein plus vinblastine 
Seminoma; treated with: 
bleomyein 1 
bleomycin plus vinblastine 1 1 
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... with no depressant effect on 
hematopoietic or iMmmunosuppresswe 


mechanisms to date 


é% The absence of toxic effects on the 
hematopoietic system and of any immuo- 
suppressive action is emphasized, as th-s 
vives the drug a special importance.9® ° 


In the past two years, over 100 cliniciars 
have investigated the therapeutic effects of 


Blenoxane (sterile bleomycin sulfate )-Over 
1,300 patients have been treated in the najor 


cancer care units in the United States. 

These studies have shown repeatedly that 
Blenoxane may be active against certain 
tumors generally insensitive to other 
available agents ; that it may enhance the 
results achieved with certain other 
chemotherapeutic agents ; and that it may 
be an effective adjunct to indicated su-gical 
procedures and radiotherapy. 

They have also demonstrated the 
complete absence of iImmunosuppressive 
or adverse hematopoietic effects to date. 
Thus, Blenoxane may be potentially useful 
in combination with other agents, or 13 
patients already exhibiting pancytopenia. 


1. Ohnuma, T., as reported in: J.A.M.A. 216:415 
(Apr. 19) 1971. 

2. Krakoff, I.H.: The present status of cancer chemo- 
therapy, M. Clin. North Am. 55:683 (May) 1971. 

3. Clinical Screening Cooperative Group of the European 
Organization for Research on the Treatment of Cancer. 
3rit. M.J. 2:643 (June 13) 1970. 


However, these same studies clearly 
indicate that Blenoxane is far from an 
innocuous agent. Pulmonary toxicity, 
occurring as pneumonitis in about ten 
per cent of patients, has led to pul- 
monary fibrosis and death even when 
detected in the early stages. 

In addition, approximately half of the 
patients will exhibit some dermatolog- 
ical manifestations of therapy with 
Blenoxane. The skin reactions are 
usually characterized by erythema or 
hyperkeratosis—most often on the 
hands and elbows—and potentially 
progressive to ulceration. 

Consequently, the physician will 
recognize that the clinical use of an 
agent such as Blenoxane presupposes 
a thorough knowledge of its potential 
applications, pharmacology, toxicity 
and clinical reeord—subjects which 
cannot be adequately reviewed ina 
communication of this type. 

We urge those physicians who antici- 
pate a use for Blenoxane to consult the 
Bristol Laboratories Introductory 
Monograph for information currently 
available on therapy with Blenoxane. 
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BLENOXANE™ (sterile bleomycin sulfate) 
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WARNING. It is recommended that Blenoxane be administered 
under the supervision of a qualified physician experienced in the 
use of cancer chemotherapeutic agents. Since facilities for nev- 
essary laboratory studies must be available, hospitalization ef 
patients is recommended. 

Pulmonary fibrosis-is the most serious toxicity with Blenoxane. 
(See “Adverse Reactions” section. ) 

In the treatment of each patient, the physician must weigh 
‘arefully the possibility of achieving therapeutic benefit with 
the risk of toxicity. 

In 1% of patients, a hypersensitivity reaction, similar to ans- 
phylaxis clinically, occurred, particularly in lymphoma patients. 
This has resulted in death. 

The reaction which may be immediate or after several hours 
delay, occurs only after the first or second dose. It consists o? 
hypotension, fever, chills, mental confusion, and wheezing. 

Usage in Pregnancy—Safe use of Blenoxane in pregnant 
women has not been established. Therefore the benefits to the 
patient should be weighed against the potential toxicity to fetus 
or embryo. 


DESCRIPTION. Blenoxane (sterile bleomycin sulfate) is composed 
of basic cytotoxic glycopeptide antibiotics isolated from a strain of 
Streptomyces verticillus. It is highly soluble in water. 

ACTION. Although the exact mechanism of action of Blenoxane is 
unknown, available evidence would seem to indicate that the main 
mode of action is the inhibition of DNA synthesis with some evidence 
of lesser inhibition of RNA and protein synthesis. 

In mice, high concentrations of Blenoxane are found in the skin, 
lungs, kidneys, peritoneum and lymphatics. Tumor cells of the skin 
and lungs have shown a strong affinity for Blenoxane in contrast to 
the lack of affinity of hematopoietic tissue. This selective affinity of 
the drug for different sites and cell types creates a better under- 
standing of the therapeutic benefits and the toxicity of Blenoxane. 

20 to 40% of an administered dose in humans is recovered in tue 
urine as active bleomycin. 

INDICATIONS. Blenoxane should be considered a palliative trest- 
ment and/or adjuvant to surgery and radiation therapy. It has been 
shown to be useful in the management of the following neoplasms: 

Squamous Cell Carcinoma—head and neck including mouth, 
tongue, tonsil, nasopharynx, oropharynx, sinus, palate, lip, buccal 
mucosa, gingiva and epiglottis; skin; larynx and paralarynx; penis; 
cervix; vulva. The response to Blenoxane is poorer in patients with 
head and neck cancer which has been irradiated previous to Blenoxane 
therapy. 

Lymphomas—Hodgkins, reticulum cell sarcoma, lymphosarcoma. 
It is of special note that most of the Hodgkins patients treated to 
date had disseminated disease (Stage IV) no longer treatable by 
bone marrow depressant agents. | 

Testicular Carcinoma—embryonal cell, choriocarcinoma, an] 
teratocarcinoma. Studies to date have revealed that the use of win- 
blastine sulfate with Blenoxane increases the response rate of testic- 
ular tumors. 

Other —Blenoxane has been shown to produce responses in same 
renal carcinomas, soft tissue sarcomas, and in the prevention of 
pleural fluid accumulation when administered intrapleurally. 
CONTRAINDICATIONS. Blenoxane is contraindicated in patients 
who have demonstrated a hypersensitivity to it in the past. 

The physician must weigh carefully the therapeutic benefit versus 

risk of toxicity which may occur. 
PRECAUTIONS. Blenoxane should be administered preferably te 
patients who are hospitalized and who can be observed carefully and 
frequently during and after therapy. It should be used with extreme 
caution in patients with significant impairment of renal function o: 
compromised pulmonary function due to disease other than malig 
nancy. 

To monitor the onset of pulmonary toxicity, roentgenograms of tlic 

chest should be taken every 1 to 2 weeks. If pulmonary changes arc 
noted, treatment should be discontinued until it can be determined 
whether the cause is drug related. Pneumonitis due to Blenoxanc 
should be treated with corticosteroids in an effort to prevent progres- 
sion to pulmonary fibrosis. Infectious pneumonitis should receive 
appropriate antibiotic therapy. 
ADVERSE REACTIONS. Skin—Skin changes were the most frec- 
quent side effect occurring in approximately 52.3% of treated pa- 
tients. These consisted of mouth ulcers, alopecia, hyperpigmentation, 
thickening, ulceration, redness, hyperkeratosis, nail changes, rash, 
vesiculation, tenderness, pruritus, hyperesthesia, peeling, stria, and 
bleeding. In only 0.2% of treated patients was it necessary to discon- 
tinue Blenoxane therapy because of skin toxicity. 
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Skin toxicity was a relatively late manifestation developing usu- 
ally in the 2nd and 3rd week of treatment after 150 to 200 units of 
Blenoxane (sterile bleomycin sulfate) had been administered and, 
in general, was related to total cumulative dose. 

Pulmonary—This is potentially the most serious side effect, occur- 
ring in approximately 10% of treated patients. The most frequent 
manifestation is pneumonitis occasionally progressing to pulmonary 
fibrosis which may result in death. Approximately 1% of patients 
treated died of pulmonary fibrosis. An analysis of the data revealed 
that pulmonary toxicity is usually both dose and age related, being 
more common in patients over 70 years of age receiving over 400 
units total dose. However, this toxicity is unpredictable and has been 
seen occasionally in young patients receiving low doses. 

The identification of patients with pulmonary toxicity due to 
Blenoxane has been extremely difficult. The reason for this is the 
lack of specificity of the clinical syndrome, the x-ray changes and 
even the tissue changes seen on examination of biopsy and autopsy 
specimens. 

Blenoxane-induced pneumonitis apparently produces dyspnea and 
fine rales that are in no way different from those produced by infec- 
tious pneumonias, or the signs and symptoms produced by primary 
or metastatic lung disease in some patients. 

On x-ray, Blenoxane-induced pneumonitis produces patchy opaci- 
ties, usually of the lower lung fields, that look the same as infectious 
bronchopneumonia or even lung metastases in some patients. 

The microscopic tissue changes due to Blenoxane toxicity are 
frequently present as bronchiolar squamous metaplasia, reactive 
macrophages, atypical alveolar epithelial cells, fibrinous edema, and 
interstitial fibrosis. The acute stage may involve capillary changes 
and subsequent fibrinous exudation into alveoli producing a change 
similar to hyaline membrane formation and progressing to a diffuse 
interstitial fibrosis resembling the Hamman-Rich syndrome. 

These microscopic findings are non-specific and are similar to the 
changes produced in radiation pneumonitis, pneumocystie pneumo- 
nitis, and at times reaction to long-standing malignant pulmonary 
disease. 

Serial pulmonary function tests in 156 patients receiving Blen- 
oxane therapy revealed some demonstrable alteration in approxi- 
mately 20%. The most common changes were a decrease in total lung 
volume and a decrease in vital capacity. However, no predictive cor- 
relation between these changes and the development of pulmonary 
fibrosis could be ascertained. 

Other—Fever, chills, nausea, and vomiting were also frequent side 
effects. Pain at tumor site, phlebitis, and other local reactions were 
reported infrequently. 

Toxicity to the renal, hepatic, and CNS may occur at any time 
after initiation of therapy and, as with any potent drug, these sys- 
tems should be monitored. 

It is noteworthy that there has been no evidence of bone marrow 
or immunological depression to date. This is contrary to the currently 
available antineoplastic drugs. 

Anorexia and weight loss are common and may persist long after 
termination of this medication. Since these signs and symptoms occur 
with malignancy, it may be difficult to evaluate the role of Blenoxane. 
DOSAGE. The following dose schedule is recommended: Squamous 
cell carcinoma, lymphosarcoma, reticulum cell sarcoma, testic- 
ular carcinoma—0.25 to 0.50 units/Kg. (10 to 20 units/ M?) given 
intravenously or intramuscularly weekly or twice weekly. 

Hodgkins Disease—0.25 to 0.50 units/Kg. (10 to 20 units/M?) 
intravenously or intramuscularly weekly or twice weekly. After a 
50% response, the maintenance dose of 1 unit daily or 5 units weekly 
intravenously or intramuscularly shculd be given. 

Because of the possibility of anaphylaxis, all lymphoma pa- 
tients should be started with 5 units or less for the first 2 doses. 
If no acute reaction occurs, then the regular dosage schedule 
may be followed. 

Toxicity of Blenoxane appears to be dose-related with a 
striking increase when the total dose is over 400 units. Total 
doses over 400 units should be given with great caution. 

Hodgkins and testicular improvement are prompt and noted within 
two weeks. If no improvement is seen by this time, chances of im- 
provement are very low. Squamous cell cancers respond more slowly, 
sometimes requiring as long as three weeks before improvement is 
noted. 

ADMINISTRATION. Blenoxane may be given by the intramuscular, 
intravenous, intra-arterial, or subcutaneous routes. 

Intramuscular or Subcutaneous—Dissolve the contents of a 
Blenoxane ampule in 1 to 5 ml. of Sterile Water for Injection, U.S.P., 
Sodium Chloride for Injection, U.S.P., or 5% Dextrose in Water. 

Intravenous or Intra-arterial—Dissolve the contents of the am- 
pule in 5 ml. or more of a solution suitable for injection, e.g., phy- 
siologic saline or glucose, and administer slowly over a period of ten 
minutes. 

SUPPLY. Each ampule contains 15 units of Blenoxane as sterile 
bleomycin sulfate. NDC-0015-3010. 


The Inside Story. 


Medisystems”™ new In Vivo 
Oxygen Analysis System 1s 
virtually drift free. 

Medisystems’ new In Vivo Oxygen Analysis 
System represents a major breakthrough in 
continuous measurement of oxygen Evels in 
the blood. 

Here’s why: 

The Medisystems intra-vascular Oxygen Cath/ 
Electrode combines a sensing cathode and 
reference anode encased in Teflon’... separated 
from the blood by a semi-permeable Silastic” 
(blood compatible) membrane. The sesult is an 
inexpensive and disposable device with reduced 
clotting risk and minimal drift. Whac’s 
more... the need for repeated blood gas 
sampling is reduced. 

The Medsystems Oxygen Cath/Electrode also 
permits the recording of arterial pressure, blood 
sampling, and the infusion of solutions. 

Measurements obtained by the Oxygen 
Cath/Electrode are relayed to the 
Medisystems 800 
Digital Analyzer/ 

Recorder which 
continuously 
reports and charts 
oxygen levels in millimeters 
of mercury. And since the system requires no 
capital investment, it’s economical as well 
as effective. 
For more of the inside story...phone or write: 


Medisystems~ fit 
from Mediscience Technology Corp. 


1? Snrinodale Raad /C Cherry Hill N T aRenn2//(4na\ 494.6762 








Traumatic wounds 
complicated by intecton-an urgent concern 


“due to susceptible organisms 











Before Administration of Loridine 


1. Determine renal status before 
initiating therapy. 

2. In patients with renal impair- 
ment, reduced dosage should be em- 
ployed. Other antibiotic therapy 
should be considered if impairment is 
due to acute tubular necrosis. 


3. As with other antibiotics, appro- 
priate specimens for culture and sus- 
ceptibility testing should be obtained. 


4. Use cautiously with other poten- 
tially nephrotoxic antibiotics (e.g., 
gentamicin, kanamycin, colistin, and 
polymyxin B), in penicillin-allergic pa- 
tients, and in those receiving potent 


(cephaloridine) 


Loridine IM. 500-mg. ampoule 
therapy worthy of consideration 





Traumatic wound infections often require the 
rapid and effective action that Loridine I.M. can provide 
when they are due to susceptible organisms. 

Loridine is active in vitro against many pathogens that 
may cause skin and soft-tissue infections, including sus- 
ceptible strains of staphylococci, Escherichia coli, and 
streptococci, and is also effective in the presence of mixed 
infections. 

Peak blood levels of 7 to 14 mcg. per ml. respectively 
were obtained in one-half to one hour following intramus- 
cular administration of 250 and 500 mg. to humans. Meas- 
urable levels of Loridine persisted for longer than twelve 
hours. 

These are a few of many reasons why Loridine provides 


therapy worthy of consideration. 


tMany strains of enterococci are relatively resistant. Some strains of staphy- 


cocci are resistant. Pseudomonas organisms are resistant, as are most indole- 
producing Proteus species and motile Enterobacter species. 


diuretics, such as furosemide oretha- 
crynic acid. 


During Administration of Loridine 


1. Because of potential nephrotox- 
icity, daily dosages above 4 Gm. are 
not recommended for patients with 
normal renal function. The usual 
range for adults is 1.5 to3 Gm. daily. 
In patients with renal impairment, 
recommendations in the package lit- 
erature should be followed for main- 
tenance dosage after a loading dose 
of 500 mg. to 1 Gm. If an endogenous 
creatinine clearance is considered 
more desirable than available BUN or 
serum creatinine concentrations for 
establishing the maintenancedosage, 


, 
300491 


the initial loading dose may be given 
and results of that test obtained dur- 
ing the ensuing six or eight hours. If 
renal function improves during ther- 
apy, readjustment of dosage may be 
desirable. 


2. Maintain proper hydration. 


3. Monitor renal status. Renal im- 
pairment may be indicated by the ap- 
pearance of urinary casts, proteinuria, 
oliguria, a rising BUN or serum creat- 
inine, or a decreasing creatinine 
clearance or urine/plasma creatinine 
ratio. 


4. If impaired renal function devel- 
ops or worsens during therapy, dis- 
continue use. 


Please turn nage for prescribing information 


Loridine® (cephaloridine) 


Because of nephrotoxicity (e.g., tubular necrosis) of cepnaloricine in 
dosages above 4 Gm. daily (see Warnings and Adverse Reactions), rec- 
ommended doses should not be exceeded. Renal status of the patient 
should be determined prior to initiation of therapy. Patients with known 
or suspected impairment of renal function should be under close ciinical 
observation for changes in renal function or be hospitalized, amd re- 
duced dosage should be employed. If impaired renal function develops 
during therapy, cephaloridine should be discontinued. 


Actions: Human Pharmacology—Peak blood levels of 7 and 14 mcg. 
per ml. respectively were obtained in one-half to one hour follewing 
intramuscular doses of 250 and 500 mg. in humans. Measurable 
levels of cephaloridine persisted for longer than twelve hours. 

Loridine is excreted unchanged largely by glomerular filtration. 
Doses of 250 and 500 mg. produced very high antibacterial concen- 
trations in the urine, in some instances approaching 1,000 mcg. 
per ml. 

Its nucleus and degradation products differ from those of peni- 
cillin. However, some patients who are allergic to penicillin or to 
other cephalosporins may also be allergic to Loridine. 

Microbiology —The in-vitro bactericidal action of Loridine results 
from inhibition of cell-wall synthesis. It is not bound significantly to 
plasma protein. 

Loridine is active against the following organisms in vitro: 

Beta-hemolytic and other streptococci (many strains of entero- 
cocci, e.g., Streptococcus faecalis, are relatively resistant) 

Staphylococci, both coagulase-positive and coagulase-negative 
(some strains of staphylococci are resistant to cephaloridine) 

Pneumococci 

Gonococci 

Hemophilus influenzae 

Escherichia coli and other coliform bacteria 

Klebsiella 

Proteus mirabilis 

Loridine is active against Treponema pallidum in animal studies. 

All tested strains of group A streptococci, pneumococci, and peni- 
cillin-G-susceptible staphylococci are susceptible to Loridine. However, 
some strains of penicillinase-producing staphylococci are resistant in 
vitro to concentrations of Loridine that can be achieved in the serum. 
The majority of strains of H. influenzae, Pr. mirabilis, Esch. coli, and 
Klebsiella are also susceptible in vitro. 

Pseudomonas organisms are resistant to Loridine, as are most 
indole-producing Proteus species and motile Enterobacter species. 


Indications: Loridine is indicated in the treatment of serious infec- 
tions of the respiratory tract, genito-urinary tract, bones and jaints, 
bloodstream, soft tissue, and skin due to susceptible strains of the 
organisms listed above. It is also indicated for therapy of early 
syphilis when penicillin may be contraindicated. (See Warnings in 
regard to cross-sensitivity with penicillin.) It is indicated in the treat- 
ment of gonorrhea when penicillin is not considered the drug of chaice. 

Appropriate culture and susceptibility studies should be per- 
formed. If the susceptibility tests show that the causative organism 
is resistant to Loridine, other appropriate antibiotic therapy should 
be instituted. 


Contraindication: Loridine is contraindicated in those persons who 
have shown hypersensitivity to it or other cephalosporins. 


Warnings: IN PENICILLIN-SENSITIVE PATIENTS, CEPHALOSPORIN C DE- 
RIVATIVES SHOULD BE USED WITH GREAT CAUTION. THERE IS CLIN- 
ICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS-ALLERGENICITY 
OF THE PENICILLINS AND THE CEPHALOSPORINS. INSTANCES OF 
PATIENTS WHO HAVE HAD SEVERE REACTIONS TO BOTH DRUGS, 
INCLUDING DEATH FROM ANAPHYLAXIS, HAVE BEEN REPORTED. 

Impairment of renal function during treatment may be indicated 
by the appearance of casts in the urine, proteinuria, falling urimary 
output, a rising BUN or serum creatinine, or a decreasing creatinine 
clearance or urine/plasma creatinine ratio. 

Cephaloridine should be given cautiously when used with cther 
antibiotics having nephrotoxic potential, e.g., gentamicin, kanamycin, 
polymyxin B, and colistin. 

The results of experimental studies in animals suggest that the 
concurrent use of potent diuretics, such as furosemide or ethacrynic 
acid, may increase the risk of renal toxicity. 

Usage in Pregnancy—Safety of this product for use during preg- 
nancy has not been established. 


Precautions: In the case of infections due to beta-hemolytic strep- 
tococci, antibiotic therapy should be continued for at least ten cays. 

In the therapy of gonorrhea, patients in whom there is reason to 
suspect concomitant syphilis should have dark-field examinatiors of 
all suspect lesions before treatment and monthly serologic tests for 
a minimum of three months. 

Indicated surgical procedures should be performed in conjunction 
with antibiotic therapy. 

Superinfections may develop with organisms not in the spectrum of 


Loridine® (cephaloridine, Lilly), particularly Pseudomonas. These can 
be recognized by clinical observation and by means of appropriate cul- 
tures. If they occur, proper therapeutic measures should be taken. 

Since safety for use in premature infants and in infants under one 
month of age has not been established, administration of cephalori- 
dine to these patients is not recommended. 

A false-positive reaction for glucose in the urine may occur with 
Benedict's or Fehling's solution or with Clinitest® tablets but not with 
Tes-Tape® (urine sugar analysis paper, Lilly). 


Adverse Reactions: Hypersensitivity—Maculopapular and erythema- 
tous rashes, urticaria, and anaphylaxis have been reported. Drug 
fever and eosinophilia also have been noted. Hypersensitivity re- 
actions are more likely to occur in patients with a history of allergy, 
particularly to penicillin. 

Blood—Neutropenia and leukopenia have been reported. Some in- 
dividuals have developed positive direct Coombs tests during therapy. 

Liver—Transient elevations of transaminase and alkaline phos- 
phatase levels have been noted. The significance of these findings is 
uncertain. 

Renal—Severe, acute renal failure, in some cases terminating in 
death, has occurred in a small number of patients receiving Loridine. 
The possibility of this complication seems to be greater in seriously 
ill patients given more than recommended doses. Acute tubular 
necrosis has been noted in affected patients coming to autopsy. 

Local Reactions—Pain on I.M. injection of Loridine is rare, and 
phlebitis on |.V. injection occurs infrequently. 

Other—Nausea and vomiting have been reported. 


Administration and Dosage: Ampoules should be protected from light. 
Extemporaneous mixtures of Loridine with other antibiotics are not 
recommended. 

Loridine should be dissolved in either 0.9 percent Sodium Chloride 
Injection or Sterile Water for Injection (see the package literature 
for dilution table). 

The U.S.P. does not specify the type of preservative to be used in 
Sterile Water for Injection or isotonic Sodium Chloride Injection. 

When such diluents contain parabens as preservatives, they may 
be incompatible with Loridine. Bacteriostatic Sodium Chloride Injec- 
tion, U.S.P. (Ampoules No. 468), supplied by Eli Lilly and Company 
for use with Loridine, contains benzyl alcohol as a preservative and 
is the recommended diluent. 

Intramuscular Injection—Loridine is usually injected into a large 
muscle mass, for example, the gluteal region or the lateral aspect 
of the thigh. 

The usual adult dosage for many infections of moderate severity 
is 500 mg. to 1 Gm. three times a day at equally spaced intervals. 
Milder and more susceptible infections have been treated with 250 
to 500 mg. given two or three times a day. More severe infections 
may be treated with 500 mg. to 1 Gm. four times a day. 

A single 2-Gm. dose is recommended for the treatment of acute 
goncrrhea. 

Early syphilis may be treated with 500 mg. to 1 Gm. daily for ten 
to fourteen days. 

Although some clinical experience with high doses for life-threat- 
ening conditions has been reported, it has been shown that excessive 
dosages (above 4 Gm. daily) may cause serious nephrotoxic reac- 
tions. For this reason, Keflin® (sodium cephalothin, Lilly) may be 
preferred when doses larger than 4 Gm. daily are considered for life- 
threatening situations. If more than 2 Gm. of cephaloridine is inject- 
ed daily, the patient should be under close clinical observation for 
changes in renal function or be hospitalized. In addition, reduced 
dosage should be employed in patients with known or suspected 
renal impairment (see the package literature). 

In children, a daily total of 30 to 50 mg. per Kg. (15 to 25 mg. per 
pound) of body weight, given in divided doses, has been found effec- 
tive for mild to moderately severe infections. A daily total of 100 
mg. per Kg. (50 mg. per pound) of body weight (not to exceed 
recommended adult doses) may be needed for very severe infec- 
tions. Since safety for use in premature infants and in infants under 
one month of age has not been established, the use of cephaloridine 
in these patients is not recommended. 

In both adults and children, failures have appeared to be related 
more closely to insusceptibility of the organism or poor general con- 
dition of the patient than to inadequate dosage. 

Intravenous Injection—In the presence of extremely serious infec- 
tions (such as bacteremia) or when any infection seems overwhelm- 
ing, intravenous administration may be indicated. 

Total daily dosages are the same as with intramuscular injection. 
For very susceptible organisms, 500 mg. to 1.5 Gm. per day may 
suffice; for less susceptible organisms and for serious infections, 2 
to 4 Gm. per day may be needed. [062773] 

Additional information available to the profession 
on request. Lilly 
Eli Lilly and Company * Indianapolis, Indiana 46206 
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_ Microbicidal power 
-for scrubbing...for prepping 








@Broad-spectrum microbicidal action prompt @ Virtually nonirritating ...nonstaining toskin -zA sD 
kills both gram-positive and gram-negative bag- and natural fabrics. À SAONE merece 
teria (including antibiotic-resistant strains), @Convenient, single-use aids to surgical “Chosen b 


fungi, viruses, protozoa and yeasts. antisepsis. w AS 


“In rare instance of local irritation or sensitivity 


, instance of Ic sensitivity. Purdue Frederick 
discontinue use in the individual. r 


BETADINE SURGI-PREP Sponge-Brush 


The only sponge-brush or sponge with the same microbicide as in 
BETADINE Surgical Scrub. For preoperative scrubbing by the surgical 
team; general hand and skin degerming.* 
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BETADINE Surgical Scrub Packeite 1⁄2 oz. BETADINE Solution Packette 1 oz. 


For preoperative scrubbing by the surgical team; To enhance antisepsis by painting the operative 

for prepping of patient’s skin for surgery; for general site preoperatively and postoperatively. Maintains 

hand and skin degerming.* eh bloc the action in the presence of blood, pus 
aes and serum, 
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when pain goes on... 
and on... 


and on- 











1e analgesic formula that calms instead of caffeinates 
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or the patient with a terminal illness, PAIN past, present, and future can dominate 
is thoughts until it becomes almost an obsession. The more he is aware of the pain 
ə is now experiencing, the more difficult it is to erase his memory of yesterday's 
ain, and to allay his fearful anticipation of tomorrow's pain. 


Sa aS 


rely the last thing this patient needs is an analgesic containing caffeine to stimulate 
te senses and heighten pain awareness. A far more logical choice is Phenaphen 

‘ith Codeine. The sensible formula provides 1⁄4 grain of phenobarbital to take 

ae nervous “edge” off, so the rest of the formula can help control the pain more 
Ffectively. Don't you agree, Doctor, that psychic distress is an important factor 

a most of your terminal and long-term convalescent patients? 
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Phenaphen with Codeine No. 2, 3, or 4 contains: Phenobarbital 
(‘4 gr.), 16.2 mg. (warning: may be habit forming); Aspirin 

(2% gr.), 162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Codeine 
phosphate, % gr. (No. 2), % gr. (No. 3) or 1 gr. (No. 4) (warning: 
may be habit forming). 


Indications: Provides relief in severe grades of pain, on low 
codeine dosage, with minimal possibility of side effects. Its use 
frequently makes unnecessary the use of addicting narcotics. 
Contraindications: Hypersensitivity to any of the components. 
Precautions: As with all phenacetin-containing products, 
@xcessive or prolonged use should be avoided. Side effects: 
Side effects are uncommon, although nausea, constipation and 
drowsiness “may occur. Dosage: Phenaphen No. 2 and No. 3— 
tor2 ces every 3 to 4 hours as needed; Phenaphen No. 4 
—{ capsule eve ito 4 hours as needed. For further details see 






heen is now Classified in Schedule III, 
Subs stances Act of 1970. Available on written 
Mon and may be refilled 5 times within 6 
months, unless restricted by State law. 


A. H. Robins Company, Richmond, Va. A-H- ROBINS 
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._ Progress 
IN Surgery 


Editorial Board: 
M. Allgower (Basel); S.-E. Bergentz (Malmo) 
R.Y. Calne (Cambridge); U.F. Gruber (Basel) 









































This series of annual volumes assists general and 
specialized surgeons in staying informed on ‘what's new 
in surgery’ by providing original reviews from 
Outstanding experts in their respective fields as well as 
frequent discussions of controversial themes by 
authorities expressing differing viewpoints. 

The editorial board, in preparing the annual volume, 
selects several papers on subjects of general interest 
where important discoveries have recently been 
reported or new insight into diagnosis or therapy have 
brought about direct and immediate consequences 

for the surgeon's daily work. In sum, basic knowledge 
in addition to technical know-how at the post- 
graduate level is transmitted through the richly-illustra- 
ted volumes of ‘Progress in Surgery’. 


Selected Contributions Already Published in the Series 
Crohn's Disease, with Special Reference to Surgical 
Management 

Goligher, J.C., De Dombal, F.T. and Burton, l. 

New Aspects of the Pathogenesis of Thrombo-Embo- 
lism 

Nilsson, I.M. and Isacson, S. 

Atelectasis in the Surgical Patient. Recent Conceptual 
Advances 

Laver, M.B. and Bendixen, H.H. 

Strictures of Bile Ducts 

Smith, R. 

Pathophysiological Aspects on Surgical Treatment of 
Thyroid Disease 

Heimann, P. 





For further information please request a detailed 
prospectus 





S. Karger AG 
Arnold-Böcklin-Strasse 25 
CH—4011 Basel (Switzerland) 





“.\ S.Karger Basel London 
yr A München NewYork 
43 Paris Sydney 





ointment 


collagenase 


Indications: Santy! Ointment is indicated for debrid- 
ing dermal ulcers and severely burned areas. In other 
types of necrotic skin lesions reports on the use of 
Santyl Ointment have been limited to clinical observa- 
tions without controls. 


Contraindications: Application is contraindicated in 
patients who have shown local or systemic hypersen- 
sitivity to Collagenase. 


Precautions: The enzyme’s optimal pH range is 7 to 
8. Lower pH conditions have a definite adverse effect 
on the enzyme's activity, and appropriate precautions 
should be taken. 


The enzymatic activity is also adversely affected by 
detergents and hexachlorophene and heavy metal ions 
such as mercury and silver which are used in some 
antiseptics. When it is suspected such materials have 
been used, the site should be carefully cleansed by 
repeated washings with normal saline before Santyl 
Ointment is applied. Soaks containing metal ions or 
acidic solutions such as Burow’s solution should be 
avoided because of the metal ion and low pH. Cleans- 
ing materials such as hydrogen peroxide or Dakin's 
solution do not interfere with the activity of the enzyme. 


Debilitated patients should be closely monitored for 
systemic bacterial infections because of the theoreti- 
cal possibility that debriding enzymes may increase 
the risk of bacteremia. 


The ointment should be confined to the area of the 
lesion in order to avoid the risk of irritation or macer- 
ation of normal skin. 


A slight erythema has been noted occasionally in the 
surrounding tissue particularly when the enzyme oint- 
ment was not confined to the lesion. This can be read- 
ily controlled by protecting the healthy skin with a 
material such as Lassar’'s paste. 


Since the enzyme is a protein, sensitization may de- 
velop with prolonged use although none has been 
observed to date. 


Adverse Reactions: Adverse reactions to Collagenase 
have not been noted when used as directed. 


Dosage & Administration: Santy! Ointment should be 
applied once daily (or once every other day in the 
case of outpatients) in the following manner. 


(1) Prior to application the lesions should be gently 
cleansed with a gauze pad saturated in normal saline, 
buffer (pH 7.0-7.5) or hydrogen peroxide to remove 
any film and digested material. 


(2) Whenever infection is present, as evidenced by 
positive cultures, pus, inflammation or odor, it is de- 
sirable to use an appropriate topical antibacterial agent. 
Neomycin-Bacitracin-Polymyxin B (Neosporin) has 
been found compatible with Santyl Ointment. This 
antibiotic should be applied to the lesion in powder 
form or solution prior to the application of Santyl 
Ointment. Should the infection not respond, therapy 
with Santyl Ointment should be discontinued until 
remission of the infection. 


(3) Santy! Ointment should be applied (using a wooden 
tongue depressor or spatula) directly to deep wounds, 
or, when dealing with shallow wounds, to a sterile 
gauze pad which is then applied to wound. The wound 
is covered with sterile gauze pad and secured with 
clear tape or Kling bandage. 


(4) Crosshatching thick eschar with a $11 blade is 
helpful. It is also desirable to remove as much loos- 
ened detritus as can be done readily with forceps and 
Scissors, 


(5) All excess ointment should be removed each time 
dressing is changed. 


(6) Use of the ointment should be terminated when 
sufficient debridement of necrotic tissue has taken 
place. 


Overdose: Action of the enzyme may be stopped, 
should this be desired, by the application of Burow’'s 
solution U.S.P. (pH 3.6-4.4) to the lesion. 


How Supplied: Santy! Ointment contains 250 units of 
Collagenase enzyme per gram of white petrolatum 
U.S.P. The potency assay of Collagenase is based on 
the digestion of undenatured collagen (from bovine 
Achilles tendon) at pH 7.2 and 37° C. for 24 hours. 
The number of peptides cleaved are measured by 
reaction with ninhydrin. Peptides released by a tryp- 
sin digestion control are subtracted. One net Collage- 
nase unit will solubilize ninhydrin reactive material 
equivalent to 4 micromoles of Leucine. 


® Knoll Pharmaceutical Co. 
30 North Jefferson Road 
Whippany, New Jersey 07981 
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(Collagenase 


“It may prove to be the drug 
of choice for wound 
debridement.” 


Varma A O et al: Surg. Gynec. Obstet. 136:281, 
Feb. 1973. 





To permit healing like this...you want to start like this. 
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Santyl° (collagenase) for dermal 


ulcers and burns: 
the first topical enzyme 


> to attack 

native collagen, a substance that is 
ordinarily resistant to all common 
topical enzymes used in wound de- 
bridement 


> to dissolve 

the strands of tissue that “anchor” 
necrotic debris and burn eschar to 
the wound surface 

» to effectively remove 

the debris that hinders healing...with 
simple, once-a-day application 


Artist's conception of decubitus ulcer 


| treat patients with dermal ulcers and burns, and | would like 
to receive: 


LJ clinical reprints and scientific information on Santyl. 
LJ a free in-service training program on the use of Santyl. 
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BARDIC 


Baker Jejunostomy 
Catheter 

with Air-Port 
Adapter 


A Significant Aid in the Removal 
of Intestinal Obstruction When 
Complicated by a Distended Bowel 







The BARDIC Baker Jejunostomy Catheter with 
Air-Port Adapter is a biluminal plastic catheter 
size 16Fr. by 108” long. It has two opposing 
suction eyes, a 15cc latex balloon and inflation 
lumen complete with BARD valve. The Air-Port 
Adapter permits fingertip-controlled interrup- 
tion of suction. 


In operating for obstructions of the small intestine it is 
essential in the advanced cases to surgically decompress 
the distended bowel, as well as free the obstruction. 

In these advanced cases the dilated bowel has become 
atonic and can more quickly regain its peristalsis if com- 
pletely decompressed. In such situations this catheter is 


inserted into the jejunum through a purse-string suture 
approximately 12 inches distal to the ligament of Treitz, the 
purse-string is tightened and the balloon is inflated. 
The tube is then connected to low vacuum suction and 
advanced the length of the bowel as flatus and fluid are 
suction-evacuated and measured. The small inflated 
balloon, being firm rather than flaccid, enables the surgeon 
to obtain traction on the catheter and thereby propel 
it expeditiously along the length of the distended intestine. 
The Air-Port Adapter allows suction to be interrupted 
as needed, but may be substituted by a glass Y connection 
should it become necessary to irrigate any plugged 
material from the tube. After decompression is completed 
and the obstruction relieved, the intestine, threaded on 
the tube, is easily reduced into the abdomen in an orderly 
back and forth manner, avoiding acute angula- 
|. tions. The tube can be left indwelling for seven 
«=> to ten days to protect against ileus and also 
against obstructive angulation from recurring 
adhesions. The more extensive the loss of 
peritoneal surface from previous 
; peritonitis, granulomatous or surgical 
adhesions, the more quickly and surely 
will these adhesions reform. The in- 
dwelling tube guides the pattern of the 
early reformation of adhesions against 
obstructing or sharp angulations. A 
Witzel tunnel exit is used for the prox- 
imal end of the tube. Care should be 
exercised in making the tunnel not to obstruct 
_ the lumen of the jejunum at this point. It is less 
awkward to place the distal end of the tube 
through the stab incision in the left upper 
quadrant of the abdominal wall at the begin- 
ning of the operation, rather than to pull the 
double proximal end through the stab at the 
completion of the operation. 


ADVANTAGES 


The immediate technical operative advantages 
are: 


1. The site of the obstruction can be more safely 
visualized and freed without spillage. 


2. Respiratory embarrassment is immediately relieved. 
3. The abdominal wound can be more easily closed. 
4. There is less trauma to the eviscerated intestine. 


5. The opportunity for recurring obstruction is reduced. 


The physiologic advantages are even more important. 
The luminal, possibly toxic, content has been completely 
aspirated and measured. The collapse of the bowel 
permits prompt restoration of its blood circulation; edema 
can then subside, and peristalsis is recovered more 
promptly. Relief of the source of obstruction alone without 
decompression does not insure the immediate 

reversal of this edema, venous stasis and atonicity. Actu- 
ally, this decompression should be accomplished first to 
insure against spillage when a knife-like adhesion is 
freed, and to lend orderly neatness to the procedure. . 


\ 


Figure 1. The small inflated balloon, being firm 
rather than flaccid, enables the surgeon to obta n 
traction on the catheter and thereby prope! it 
expeditiously along the length of tle 


distended intestime. 


Figure 2. The Air-Port Adapter allows suction -o 

be interrupted if the tip of tube engages the 
mucosa, but may be substituted by a glass Y con- 
nection should it become necessary to irrigate amy 
plugged material from the tube. 


Figure 3. The small intestine threaded on the 
long tube has been reduced into the abdomer in 
orderly folds. 


BARD 173083 

BARDIC® Baker Jejunostomy Catheter 

Pediatric Size 12Fr., 72” long with Air-Port Adapter 
- 5 cc balloon 


BARD 173016 

BARDIC® Baker Jejunostomy Catheter 

Adult Size 16 Fr., 108” long with Air-Port Adaptr 
-15 cc balloon 
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Here are Just a Few of Our New 
Books for You... the SURGEON! 


Surgery of the Liver and Portal Circulation 


By WILLIAM V. McDERMOTT, JR., M.D., Harvard Medical School, Boston, 
Massachusetts. About 200 pages (7 x 10), illustrated. Ready Soon, 1973. 
(ISBN: 0-8121-0393-9). 


Fluid Electrolyte and Nutrient Therapy in Surgery 


By EDWARD E. MASON, M.D., Ph.D., University of Iowa College of Medicine, 
Iowa City, Iowa. About 550 pages, 55 figures. Ready Early 1974. 
(ISBN: 0-8121-0447-1). 


Operative Surgery: Principles and Techniques 


Edited by PAUL F. NORA, M.D., Ph.D., Northwestern University Medical 
School, Chicago. 72 Contributors. xvii plus 1106 pages (814 x 11), more than 1000 
illustrations on 748 figures, $58.00. 1972. 

(ISBN: 0-8121-0277-0). 


Transplantation 
Edited by JOHN S. NAJARIAN, M.D.; and RICHARD L. SIMMONS, M.D., both 
of the University of Minnesota Health Sciences Center, Minneapolis. 54 Contribu- 
tors. xiv plus 797 pages (814 x 11), 465 illustrations on 301 figures, 123 tables, 
$48.50. 1972. 
(ISBN: 0-8121-0317-3). 

Cancer Medicine 


Edited and with contributions by JAMES F. HOLLAND, M.D., Mt. Sinai School 
of Medicine of The City University of New York; and EMIL FREI, III, M.D., 
Harvard Medical School, Boston, Massachusetts. 158 Contributors. xxiv plus 1963 
pages (7 x 10), 589 figures, numerous charts and tables, $90.00. New, 1973. 
(ISBN: 0-8121-0372-6). 


Drug Interactions—Second Edition 


By PHILLIP D. HANSTEN, Pharm.D., Stanford University School of Medicine, 
Stanford, California. ix plus 491 pages (51⁄4 x 734), soft cover, $9.50. New, 1973. 
(ISBN: 0-8121-0482-3). 


Order from your favorite bookstore or: 
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Gram-negative bacteria magnified 10,000 times—color-tinted 


Commonly encountered 
pathogens onthe surgical 


service 


% Incidence 






67% 


Gram- 13% 
positive 
33% 
5% 
11% 
2% 
2% 





Pathogen 


Escherichia coli* 


Paoteus, indole-negative* 


Prowus, indole-positive 


Pseudomonas aeruginosa* 


Klebsiella pneumoniae* 


Klebsiella-Enterobacter-Serratia* 


Klebsiella, all others* 


All other gram-negative organisms 


Staphylococcus aureus* 


Staphylococcus, all others 


Streptococcus, all others 
Streptococcus, beta-hemolytic 


All cther gram-positive organisms 


Toii cethoosne DAW *GARAMYCIN Injectable is effective against 
Source: Gosselin Audit of Pathology Cultures—1971 susceptible strains of the pathogens indicated. 
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A highly appropriate 
s spectrum for today’s problem 


pathogens 


GARAMYCIN Injectable offers a high 
probability of effectiveness against susceptible 
strains of seven out of seven major gram- 
negative pathogens. These are: 


Escherichia coli 

Proteus, indole-negative 
Proteus, indole-positive 
Pseudomonas aeruginosa 
Klebsiella 
Enterobacter 


species 
Serratia 


GARAMYCIN Injectable has also been shown 
to be effective in serious staphylococcal infec- 
tions. It may be considered in those infections 
when penicillins or other less potentially toxic 
drugs are contraindicated and bacterial 
susceptibility testing and clinical judgment 
indicate its use. 





In gram-negative septicemia, peritonitis, 
postoperative pneumonia, and urinary 


tract infections* 


*Due to susceptible organisms 


WARNING 


Patients treated with GARAMYCIN Injectable should be 


under close clinical observation because of the 
potential toxicity associated with the use of this drug. 

Ototoxicity, both vestibular and auditory, can occur 
in patients, primarily those with pre-existing renal 
damage, treated with GARAMYCIN Injectable, usually 
for longer periods or with higher doses than 
recommended. 

GARAMYCIN Injectable is potentially nephrotoxic, 
and this should be kept in mind when it is used in 
patients with pre-existing renal impairment. 

Monitoring of renal and eighth nerve function is 
recommended during therapy of patients with known 
impairment of renal function. This testing is also 
recommended in patients with normal renal function at 
onset of therapy who develop evidence of nitrogen 


retention (increasing BUN, NPN, creatinine or Oliguria). 


Evidence of ototoxicity requires dosage adjustments 


Start with Garamycin 


E Broad gram-negative spectrum 
Because of its broad gram-negative spectrum and its 
well-established clinical efficacy, GARAMYCIN Injectable 
can bexonsidered for initial therapy in suspected as 
well as documented gram-negative sepsis. 


Stay with Garamycin 


@ Susceptibility of causative organisms confirmed 
The results of susceptibility tests will, in most cases, 
demorstrate the causative organisms’ sensitivity to 
GARAMYCIN Injectable. However, the decision to 
continue therapy with this drug should also be based on 
the severity of the infection and the important additional 
conceats contained in the Warning Box. 


E Rezatively low incidence of adverse reactions 

Risk af toxic reactions is low in patients with normal 
renal unction who do not receive GARAMYCIN Injectable 
at higner doses or for longer periods of time than 

recom mended. 


E Bacterial resistance has not been a problem 

In thelaboratory, resistance has been demonstrated 

to develop slowly in stepwise fashion. No one-step 
mutaiions to high resistance have been reported to date. 


On the surgical 
Service... 


Garemvycin 


injectable 
I.M./IN. 


40 mg.percc. 


Each cc. contains 
gentamicin sulfate equivalent 
to 40 mg. gentamicin 


ntamicin 
Sulfate 


or discontinuance of the drug. 

In avent of overdose or toxic reactions, peritoneal 
dialysis or hemodialysis will aid in removal of 
gentemicin from the blood. 

Se-um concentrations should be monitored when 
feasidle and prolonged concentrations above 12 mcg./ 
ml. snould be avoided. 

Concurrent use of other neurotoxic and/or nephro- 
toxic drugs, particularly streptomycin, neomycin, 
kanamycin, cephaloridine, viomycin, polymyxin B, and 
polymyxin E (colistin), should be avoided. 

Th concurrent use of gentamicin with potent 
diuretics should be avoided, since certain diuretics by 
themselves may cause ototoxicity. In addition, when 
admmistered intravenously, diuretics may Cause a rise 
in gentamicin serum level and potentiate neurotoxicity. 
USAGE IN PREGNANCY Safety for use in pregnancy 
has sot been established. 





See Clinical Considerations section which follows... 


On the surgical service... 


GARAMYCIN® Injectable, brand of gentamicin 
sulfate U.S.P., injection, 40 mg./cc. 

Each cc. contains gentamicin sulfate equivalent 
to 40 mg. gentamicin 

For Parenteral Administration 


WARNING 

Patients treated with GARAMYCIN Inject- 
able should be under close Clinical 
observation because of the potential 
toxicity associated with the use of this drug. 

Ototoxicity, both vestibular and auditory, 
can occur in patients, primarily those 
with pre-existing renal damage, treated with 
GARAMYCIN Injectable, usually for 
longer periods or with higher doses than 
recommended. 

GARAMYCIN Injectable is potentially 
nephrotoxic, and this should be kept in mind 
when it is used in patients with pre-existing 
renal impairment. 

Monitoring of renal and eighth nerve 
function is recommended during therapy of 
patients with known impairment of renal 
function. This testing is also recommended 
in patients with normal renal function at 
onset of therapy who develop evidence of 
nitrogen retention (increasing BUN, NPN, 
creatinine or oliguria). Evidence of ototox- 
icity requires dosage adjustments or 
discontinuance of the drug. 

In event of overdose or toxic reactions, 
peritoneal dialysis or hemodialysis will aid 
in removal of gentamicin from the blood. 

Serum concentrations should be moni- 
tored when feasible and prolonged 
concentrations above 12 mcg./ml. should 
be avoided. 

Concurrent use of other neurotoxic 
and/or nephrotoxic drugs, particularly 
streptomycin, neomycin, kanamycin, cepha- 
loridine, viomycin, polymyxin B, and 
polymyxin E (colistin), should be avoided. 

The concurrent use of gentamicin with 
potent diuretics should be avoided, since 
certain diuretics by themselves may cause 
ototoxicity. In addition, when administered 
intravenously, diuretics may cause a rise in 
gentamicin serum level and potentiate 
neurotoxicity. 

USAGE IN PREGNANCY Safety for use 
in pregnancy has not been established. 





INDICATIONS GARAMYCIN Injectable is 
indicated, with due regard for relative toxicity of 
antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following 
microorganisms: 

Pseudomonas aeruginosa, Proteus species 
(indole-positive and indole-negative), Escherichia 
coli and Klebsiella-Enterobacter-Serratia species. 

Clinical studies have shown GARAMYCIN 
Injectable to be effective in septicemia and serious 


infections of the central nervous system (meningitis), 


urinary tract, respiratory tract, gastrointestinal tract, 
skin and soft tissue (including burns). 

Bacteriologic tests to determine the causative 
organisms and their susceptibility to gentamicin 
should be performed. 


*Due to susceptible organisms 


negative septicemia, 
and urinary tract infections” 


Garamycin 


ntamicin 
Sultate 





Also available: 
GARAMYCIN® Pediatric Injectable, 10 ma. per cc. 


Bacterial res:s'ance to gentamicin develops slowly 
in stepwise fasnion; there have been no one-step 
mutations to high resistance. 

In suspectec c7 documented gram-negative 
sepsis, GARANYCIN may be considered as initial 
therapy. Tre dec sion to continue therapy with this 
drug should besbased on the results of susceptibility 
tests, the severty of the infection, and the important 
additional conc2pts contained in the Warning Box. 
In the neonate wiih suspected sepsis or staphylo- 
coccal pneumomia, a penicillin type drug is usually 
indicated as comcomitant antimicrobial therapy. 

GARAMYCIN Irjectable has been shown to be 
effective in serious staphylococcal infections. It 
may be considered in those infections when peni- 
cillins or other Ess potentially toxic drugs are 
contraindicated awd bacterial susceptibility testing 
and clinical judgment indicate its use. 
CONTRAINDICATIONS A history of hypersensi- 
tivity to gentamicin is a contraindication to its use. 
WARNINGS See Warning Box. 

PRECAUTIONS Neuromuscular blockade and 
respiratory paralysis have been reported in the cat 
receiving high coses (40 mg./kg.) of gentamicin. 
The possibility i nese phenomena occurring in 
man should be comsidered if gentamicin is admin- 
istered to petients receiving neuromuscular blocking 
agents such as Ssuccinylcholine and tubocurarine. 

Treatment with centamicin may result in over- 
growth of ncnsusceptible organisms. If this occurs, 
appropriate ther ipy is indicated. 

ADVERSE REACT ONS 

Nephrotoxicity: Adverse renal effects, as demon- 
strated by rising 3UN, NPN, serum creatinine and 
oliguria, hav2 bæn reported. They occur more 
frequently in paterts with a history of renal impair- 
ment treated with larger than recommended dosage. 

Neurotoxicity: Adverse effects on both vestibular 
and auditory branches of the eighth nerve have 
been reported in patients on high dosage and/or 
prolonged therapy. Symptoms include dizziness, 
vertigo, tinnitus, ‘Daring in the ears and hearing loss. 

Numbness, skin ‘ingling, muscle twitching, and 
convulsions have aso been reported. 

Note: The risk of toxic reactions is low in patients 
with normal rena! function who do not receive 
GARAMYCIN Injectable at higher doses or for 
longer periods of time than recommended. 

Other reported acverse reactions, possibly related 
to gentamicir, inelude increased serum transami- 
nase (SGOT, SGFT), increased serum bilirubin, 
transient hepatomegaly, decreased serum calcium; 
splenomegaly, anemia, increased and decreased 
reticulocyte coun’s, granulocytopenia, thrombocy- 
topenia, purpura; “ever, rash, itching, urticaria, 
generalized burniag, joint pain, laryngeal edema; 
nausea, vomiting, headache, increased salivation, 
lethargy and decreased appetite, weight loss, 
pulmonary fibrosis, nypotension and hypertension. 
DOSAGE AND ADMINISTRATION GARANYCIN 
Injectable may bægwen intramuscularly or 
intravenously. 

For Intramuscular Administration: 

PATIENTS WITH NORMAL RENAL FUNCTION* 

Adults: The recammended dosage for 
GARAMYCIN Injectable for patients with serious 
infections and nonmnal renal function is 3 mg./kg./ 
day, administered n three equal doses every 
8 hours. 

For patients weighing over 60 kg. (132 Ib.), the 
usual dosage s 8C mg. (2 cc.) three times daily. 
For patients weighang 60 kg. (132 |b.) or less, the 


Sering 





peritonitis, postoperative pneumonia, 











LLM./ MUN. 


40 mg.per cc. 


Each cc. contains 
gentamicin sulfate equivalent 
to 40 mg. gentamicin 





usual dose is 60 mg. (1.5 cc.) three times daily. 

In patients with life-threatening infections, dos- 
ages up to 5 mg./kg./day may be administered in 
three or four equal doses. This dosage should be 
reduced to 3 mg./kg./day as soon as clinically 
indicated. 

*In children and infants, the newborn, and 
patients with impaired renal function, dosage must 
be adjusted in accordance with instructions set 
forth in the Package Insert. 

For Intravenous Administration: 

The intravenous administration of GARAMYCIN 
Injectable is recommended in those circumstances 
when the intramuscular route is not feasible (e.g., 
patients in shock, with hematologic disorders, with 
severe burns, or with reduced muscle mass). 

For intravenous administration, in adults, a single 
dose of GARAMYCIN Injectable may be diluted in 
100 or 200 cc. of sterile normal saline or in a sterile 
solution of dextrose 5% in water; in infants and 
children, the volume of diluent should be less. The 
concentration of gentamicin in solution, in both 
instances should normally not exceed 1 mg./cc. 
(0.1%). The solution is infused over a period of 
1 to 2 hours. 

The recommended dose for intravenous adminis- 
tration is identical to that recommended for intra- 
muscular use. 

GARAMYCIN Injectable should not be physically 
pre-mixed with other drugs, but should be adminis- 
tered separately in accordance with the recom- 
mended route of administration and dosage 
schedule. 

HOW SUPPLIED GARAMYCIN Injectable, 40 mg. 
per cc., 2 cc. multiple-dose vials for parenteral 
administration. 

Also available. GARAMYCIN Pediatric Injectable, 
10 mg. per cc., 2 cc. multiple-dose vials for 
parenteral administration. APRIL, 1972 

AHFS Category 8:12.28 


For more complete prescribing details, consult 
Package Insert or Physicians’ Desk Reference. 
Schering literature is also available from your 
Schering Representative or Professional Services 
Department, Schering Corporation, Kenilworth, 
New Jersey 07033. 


SLR-299 


Parenteral and Oral 


HIS REPORT describes a series of patien-s treated 
T with a new antibiotic, Clindamycin (Cleocin)*, 
which is 7(S )chloro-7-deoxylincomycin. The pzrent com- 
pound lincomycin was modified to enhance activity 
against Gram-positive bacteria, improve absorption from 
the gastrointestinal tract and reduce side effects. 

Several investigators have recently reported good clini- 
cal efficacy with the oral preparation (Clindamycin 
hydrochloride hard-filled capsules) in the types of infec- 
tions commonly encountered and surgically treated, e.g., 
wound infections, cellulitis, infected pilonidal cysts, peri- 
rectal abscesses, hand infections, breast abscess. and bone 
infections.!°.25.28 The series described in this report in- 
cludes not only additional patients treated with the 
oral preparation but also some of the first patiemts treated 
with the new parenteral preparation, sterile solution 


clindamycin phosphate. 
Materials and Methods 


Clindamycin was used to treat 61 surgical patients with 
infection encountered in the hospital. These instances 
included 46 skin and soft tissue infections, aine bone 
infections, five respiratory tract infections and one 
sinus infection. 


Culture of Pathogen 


Attempts were made to culture the pathogen before 
and after Clindamycin therapy; antibiotic sens: tivity was 
determined by the Kirby-Bauer disc method. In some 





Submitted for publication January 2, 1973. 

Study supported by a grant from The Upjohn Corapany. 

° Cleocin is The Upjohn Company’s US Registered trademark 
for clindamycin. Outside the USA clindamycin is alo marketed 
as Dalacin C or Sobelin. 
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Infections: 
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cases, for various reasons, the organism was not isolated 
prior to treatment. In all cases, however, the appearance 
of a clinically significant infection was prerequisite to in- 
stitution of therapy. 

In the oral therapy group, seven of eight patients with 
initial successful cultures had Staphylococcus aureus in- 
fections, while one had a B-hemolytic streptococcal 
wound infection secondary to subtotal gastrectomy. 

Thirty-one patients in the parenteral therapy group 
had documented Staph aureus infections. Four cases of 
cellulitis and one of tonsillitis were due to B-hemolytic 
streptococci, Lancefield Group A. In one case of tonsillitis 
and one of pneumonia only a-streptococci were isolated. 
Diplococcus pneumoniae was demonstrated in one case 
of pneumonia. In one of the cases of infected gangrene, 
Clostridium species and anaerobic streptococci were iso- 
lated along with aerobic streptococci; in this instance 
the anaerobes were believed to be the pathogens, although 
the aerobic streptococci may have played a role. In one 
wound infection of the left hip following bone grafting, 
a Proteus species was the only organism isolated but was 
believed to be a contaminant. A staphylococcal infection 
was suspected clinically and the patient’s clinical response 
to Clindamycin phosphate was excellent. In one case of 
chronic osteomyelitis, Pseudomonas was the only organ- 
ism isolated from the drainage, although the clinical 
appearance was that of staphylococcal infection. 

All Clindamycin disc sensitivity studies were per- 
formed with a 2 mcg. disc. In the oral group 2 mcg. 
penicillin and 5 mcg. tetracycline discs were used for 
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TABLE 1. Age Distribution 
Clindamycin 
Phosphate Group 
(Parenteral) 


Clindamycin HCl 


Age (years) Group (Oral) 


Less than 20 0 2 

21-40 2 8 

41-59 10 28 

Over 60 3 6 
Total 157 44* 





* One in each group was treated twice. 


testing. In the parenteral group the 15 mcg. erythromy- 
cin disc, 10 mcg. penicillin disc, 30 mcg, tetracycline disc 
and 1 mcg. oxacillin disc were used in most instances; 
in a few cases low-strength erythromycin or tetracycline 
discs were used. 

Most of the Staph aureus isolates were resistant to 
penicillin: six of seven in the oral group and 29 of 31 in 
the parenteral group. All 31 Staph aureus isolates in the 
parenteral group were reported as sensitive to the 
Clindamycin discs, but four of the seven in the oral 
group were reported resistant to Clindamycin. ( These 
so-called resistant isolates were eradicated by oral Clin- 
damycin HC] therapy.) The other antibiotic sensitivities 
of the Staph aureus isolates were as follows: erythromy- 
cin: 27 sensitive, 11 resistant; tetracycline: 24 sensitive, 
12 resistant; oxacillin (parenteral group only): 30 
sensitive, one resistant. 


Operative Treatment 


Surgical procedures were indicated in most of the in- 
fections. The procedures included incision and drainage 
in ten skin and soft tissue infections and also in chronic 
sinusitis that had developed into an abscess with per- 
foration. Wound infections were included in the series 


TABLE 2. Dosage Regimens and Duration of Initial Treatraent 
Total Days of Initial Treatment 
No. SZ 


Dosage Regimen Cases <3 3-4 5-10 11-15 16-20 >20 


Clindamycin HCI (Oral) 


150 mg. every 6 hours 16 1 0 3 3 1 
Clindamycin Phosphate (IM) 
150 mg. every 6 hours 2 0. 4 3 0 0 0 
300 mg. every 12 hours 19 0 17 1 1 0 0 
300 mg. every 8 hours 1 0 1 W 0 0 0 
300 mg. every 6 hours i © @ j 0 0 0 
Total 23 O 19 3 1 0 0 
Clindamycin Phosphate (IV) 
150 mg. every 8 hours t. 0 2 8 0 0 0 
150 mg. every 6 hours 3 O 1 2 0 0 0 
300 mg. every 8 hours 15 0 13 2 0 0 0 
300 mg. every 6 hours 3 O > 2 0 0 0 
Total 22 O 18 4 0 0 0 
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only when the inflammation was severe enough to neces- 
sitate opening and debriding the wound. Simple “stitch 
abscesses”, which promptly cleared after removal of a 
suture or two, were not included. Surgical debridement 
was used in three patients with osteomyelitis and one 
with infected gangrene. A Rush pin was removed in one 
case of osteomyelitis. The distal portion of the right index 
finger was amputated in a patient with Buerger’s disease. 
Tonsillectomy was performed at the end of antibiotic 
treatment in two cases. 


Administration of the Drug 


The parenteral preparation, Clindamycin phosphate, 
was used initially in 45 patients; these were among the 
first to be treated with this investigational drug. In the 
other 16, treatment was started with oral Clindamycin 
HCl. Table 1 shows the age distribution in the oral ther- 
apy and parenteral therapy groups; all the patients 
except one were men. 

Table 2 shows the initial Clindamycin dosage regimens 
and the duration of these regimens. The longest dura- 
tion of initial therapy was 32 days with oral Clindamy- 
cin and 11 days with parenteral Clindamycin. Seventeen 
of the patients given IM Clindamycin and one started 
on IV therapy received oral Clindamycin HCl as a 
follow-up therapy, usually 150 or 300 mg. every 6 hours 
for 4 to 7 days. The preparations used were Clindamycin 
HCl 150 mg. hard-filled capsules, Lot No. 15, 759, and 
parenteral Clindamycin phosphate sterile solution, Lot 
No. 16,253-1. Each ml. of the latter contained 150 mg. 
Clindamycin base equivalents, 0.5 mg. disodium edetate, 
5 mg. benzyl alcohol, and q.s. water for injection. In- 
travenous infusions of Clindamycin phosphate were 
given over a 30-minute period, with the drug dissolved 
in 5% dextrose in water. 

In order to evaluate the safety of the drugs, local and 
systemic symptoms or signs of intolerance were observed 
carefully with repeated clinical laboratory determina- 
tions. 





TABLE 3. Responses to Treatment in Oral Therapy Group 
Pathogen Clinical 
Cleared Response 
No. ———— 

Cases Yes No ND* Good Poor 
nash cpm cs la eee 
Post-op. wound infection 3 3 0 0 3 0 
Superficial abscess 3 1 0 2 3 0 
Cellulitis 3 2 0 i «s 0 
Erysipelas 2 0 0 2 2 0 
Osteomyelitis 2 1 0 1 2 0 
Sinusitis 1 1 0 0 1 0 

Total 14 8 0 6 14(100%) 0 


* ND = Not determined bacteriologically 
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Results 
Response to Therapy 


Tables 3 and 4 summarize response to Clirdamycin 
therapy; two cases were omitted from the ora Clinda- 
mycin HCl group and one from the parentera. Clinda- 
mycin phosphate group because the clinical response to 
Clindamycin could not be evaluated. The three patients 
omitted were one with erysipelas in which Clindamycin 
HCl was given for only 1 day; one with perirectal 
abscess in which Clindamycin HCl therapy was im- 
mediately preceded by lincomycin therapy and incision 
and drainage; and one with chronic osteomyelits treated 
with lincomycin and Clindamycin alternately and also 
with gentamicin. 

The initial pathogen and bacteriologic response to 
initial Clindamycin therapy were documented in eight 
in the oral therapy group and 40 in the parenteral 
therapy group. Most infections resolved rapidly, and all 
except two had good or excellent clinical responses. 

Two illustrative cases are summarized as follows: 


Case Reports 


Case 1. A 57-year-old woman was admitted wih cellulitis 
of the left lower leg, resulting from an abrasion reeeived in a 
fall 2 days previously. The anterior surface of the lower leg 
was markedly inflamed and was weeping a thin blody-tinged 
exudate. She was in considerable discomfort and admission 
temperature was 103 F. The remainder of her history and 
physical examination was not pertinent. The infected site was 
cultured and grew out Beta hemolytic streptococcus. 

She was started on Clindamycin 300 mg. IM q8h, along with 
moist soaks to the infected area. The clinical response was favor- 
able: She soon became afebrile and all inflammatory signs were 
resolved within 48 hours (Fig. 1). Also, a repeat cu_ture of the 
wound was negative after 48 hours. The antibiotie was con- 
tinued for 10 days with no side effects. 

Case 2. A 44-year-old man was admitted to the Veterans Hos- 


TABLE 4. Responses to Treatment in Parenteral Therapy Group 


Pathogen Clinical 
Cleared Lesponse 
No. 
Diagnosis Cases Yes No ND* Good Poor 
Post-op. wound infection 5 3 0 2 5 0 
Traumatic wound infection 5 5 0 0 5 0) 
Superficial abscess 9 8 0 1 9 0 
Deep abscess 3 3 0 0 3 0 
Thumb infection 1 1 0 0 1 0 
Cellulitis 7 7 0 0 6 1 
Infected leg gangrene 3 3 0 0 3 0 
Osteomyelitis, acute 3 3 0 y 3 0 
Osteomyelitis, chronic 3 3. (OO 0 3 0 
Tonsillitis 3 3 0 | ee 0 
Pneumonia 2 1 0 1 1 1 
Total 44 40 0 4 42 (929%) 2 
* ND = Not determined bacteriologically 
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Fic. 1. Graphic record of vital signs of patient with streptococcal 
cellulitis of Jeg. Arrow indicates point at which antibiotic 
(Clindamycin ) was started, 


pital for treatment of an infected open fracture of the right 
tibia. He had fallen out of a motorboat 3 weeks prior to ad- 
mission. The propeller severely injured the right leg with soft 
tissue and bony involvement. He was given preliminary treat- 
ment in a community hospital and then transferred to our hospital. 

Examination revealed an exposed and draining comminuted 
fracture of the mid-tibia, which cultured Staph aureus. Remainder 
of the history and physical examination was not pertinent. There 
was no significant vascular or nerve injury. At operation the leg 
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Fic. 2. Graphic chart of patient who received Clindamycin for 
antibiotic coverage of debridement and primary closure of com- 
minuted tibial fracture with osteomyelitis. Arrow indicates day 
of operation. 
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was debrided and grafted with split skin and immobilizec in 
traction. He was started on Clindamycin 300 mg. IM q6h just 
prior to operation. The decision to go ahead with a skin graft 
at the time, in the presence of osteomyelitis, was debated. How- 
ever, the risk was taken in the hopes that Clindamycin weuld 
prevent further colonization of bacteria. The skin graft healed 
primarily and he was then placed in a long leg cast. The fracture 
healed quickly and he progressed to full recovery. The anti- 
biotic was continued for 3 weeks without side effects. 


In one of the “poor response” cases the patient had 
pneumonia; diplococci were seen before pretreatment 
on Gram-staining but did not grow out in culture. There 
was gradual clinical improvement, but the response to 
Clindamycin therapy (IM followed by oral) was hard 
to judge. In the other, a 76-year-old diabetic with severe 
arteriosclerosis and ulcer of the left foot improved only 
slowly during therapy with IM Clindamycin phosphate, 
although Staph aureus had cleared by the end of 3 days’ 
IM treatment. The lesion had healed by the end of 7 
days’ oral follow-up treatment. Considering the state of 
the patient’s vascular disease this response actually was 
as favorable as could be expected. 


Evaluation of Side Effects 


In the group treated initially with oral Clindamycin 
HCl the only symptoms considered possible side effects 
were moderate vomiting and diarrhea in a patient who 
was taken off the drug after four doses (150 mg. q6h 
regimen). After it was determined that the patient had 
had these symptoms prior to therapy, he was later put 
back on the same drug regimen and took Clindamycin 
for 32 days without any side effects. 

Local tolerance of the parenteral preparation was very 
good. Only one of the 23 patients treated with imtra- 
muscular Clindamycin phosphate complained of pain on 
injection, and there were no objective signs of local 
intolerance. Intravenous infusion in 22 patients produced 
no evidence of superficial thrombophlebitis or other signs 
of irritation. No systemic side effects from parenteral 
Clindamycin phosphate therapy were noted. 


Changes in C linical Laboratory Determinations 


The standard procedure was to perform before and at 
the end of therapy the following clinical laboratory 
determinations: complete blood count, urinalysis, BUN, 
serum creatinine, SGOT, alkaline phosphatase (King- 
Armstrong), and urine bilirubin (Ictostix test in the 
Clindamycin phosphate group only). In some cases the 
tests were also performed during therapy and on follow- 
up. There were no trends indicating toxic effects of 
Clindamycin. Laboratory values that were abnormal at 
the beginning of treatment tended to normalize with 
improvement in the infection, or were compatible with 
underlying diseases. One patient, a 49-year-old man w th 
pneumonia, who did not respond as well as expected to 
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Clindamycin phosphate therapy, showed a transient 
increase in alkaline phosphatase which was borderline at 
the beginning of therapy. Four patients given intramuscu- 
lar Clindamycin phosphate showed a transient increase 
of SGOT. This was probably attributable to irritation 
from the intramuscular injection, a conclusion supported 
by the fact that in intravenous administration the SGOT 
was not abnormal. 


Discussion 


In vitro studies have shown Clindamycin to be highly 
active against staphylococci, streptococci (except Strep- 
tococcus faecalis) and pneumococci.”™1%11:21 Recent 
studies also demonstrate effectiveness in vitro against 
Bacteroides fragilis and other anaerobic bacteria.*:1*1*: 
15,29 The minimum inhibitory concentrations (MICs) in 
vitro for susceptible aerobes and anaerobes (except 
Clostridium species)?’ are typically less than 0.5 mcg/ml. 

Serum levels of Clindamycin bioactivity which ex- 
ceed 0.5 mcg/ml. can be maintained by either oral or 
parenteral dosing. Wagner et al. showed that orally 
administered Clindamycin HC1 is better absorbed than 
lincomycin and that absorption is not impaired by giving 
the drug with food.** Their observations have been 
confirmed and extended by others.® 181° Serum concen- 
trations usually reach a peak within 45 minutes after 
a dose. Clindamycin is distributed in many tissues and 
fluids.?” 

The parenteral preparation, Clindamycin phosphate, is 
itself inactive against bacteria in vitro, but in vivo is 
hydrolyzed rapidly to microbiologically active Clinda- 
mycin.!7 High peak serum levels can be produced by IV 
infusion. After IM injection the serum levels rise quickly 
to levels comparable to those after an oral dose, and 
then to peak levels higher than those produced by an 
oral dose. Near-peak levels are maintained during the 
period 12-3% hours after injection, and levels above 0.5 
mcg/ml. for up to 12 hours after an IM dose.7'® 

Carlisle et al. demonstrated the effectiveness of both 
oral Clindamycin HCl and IV Clindamycin phosphate 
in staphylococcal and streptococcal septicemia in mon- 
keys.4> Recently investigators have suggested that 
parenterally administered Clindamycin may prove useful 
in the treatment of bacterial endocarditis.1°?* Lower 
respiratory infections and small series of soft-tissue in- 
fections complicating the postoperative course have been 
treated successfully with parenteral Clindamycin.** 
Because of its activity against anaerobes, the drug 
should be investigated in the treatment of Bacteroides 
necrotizing fasciitis,” infections complicating gastroin- 
testinal tract surgery,?*?7 and possibly thrombophlebitis.’ 

Soft tissue and bone infections due to staphylococci and 
streptococci, such as those described in this series, repre- 
sent types of infections commonly encountered by the 
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surgeon. The principal mode of therapy in most such 
cases is, of course, surgical debridement and drainage, 
but selection of an appropriate antibiotic for adjunctive 
therapy can be important in the outcome. Antimicrobial 
spectrum, demonstrated clinical effectiveness, lack of 
toxicity, dependable serum levels and flexibility in ad- 
ministration are all considerations in the choice of anti- 
biotic. 

In the present series, Clindamycin appeared to be effec- 
tive against infections caused by staphylococci and B- 
hemolytic streptococci. Both soft tissue and bone infec- 
tions responded promptly. Bacteriologic cultures before 
and after the antibiotic treatment course documented 
eradication of the pathogen, reinforcing the clinical im- 
pression that therapy was effective in nearly all cases. 

In no instance was there a significant untoward re- 
action attributable to Clindamycin. Patient acceptance 
was good. Vomiting and diarrhea in one patient on oral 
therapy did not reappear when the drug was later given 
for 32 days. There were no tolerance problems with the 
parenteral preparation during IV or IM administration 
for up to 11 days. Repeated clinical laboratory deter- 
minations did not indicate toxic effects. 

In conclusion, in a series of surgical patients with in- 
fections due to Gram-positive aerobic bacteria, results 
with oral Clindamycin HCI confirmed previous reports of 
effectiveness of this antibiotic, and a preliminary evalua- 
tion of the new parenteral preparation, Clindamycin 
phosphate, indicated comparable effectiveness and lack 
of toxicity. Because of the levels of bioactivity attainable 
with parenteral dosing and drug’s activity against anaero- 
bic bacteria in vitro, trials in anaerobic infections seem to 
be warranted. Comparative trials are needec to define 
the relative usefulness of this antibiotic in the treatment 
of surgical infections. 


Summary 


Sixty-one cases of infections in surgical patients, pri- 
marily soft-tissue and bone infections due to staphylococci 
or streptococci, were treated with antibiotic Clmdamycin. 
The drug was used in both oral and parenteral forms. As 
reported by others, the oral Clindamycin hydrochloride 
preparation was effective. In a preliminary evaluation 
of the parenteral form Clindamycin phosphate, which 
included some of the first cases to be treated with this 
preparation, there were no tolerance problems and effec- 
tiveness appeared to be at least as good as that with the 
oral preparation. Comparative trials in surgical infection 
due to Gram-positive aerobic bacteria are recommended. 
Because of its activity against anaerobic bacteria in vitro, 
Clindamycin may also be worth a trial in surgical in- 
fections of anaerobic etiology. 
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Diagnosis of Hypertension Due to Occlusion of a 
Supplemental Renal Artery; Its Localization, 
Treatment by Removal from the Body, 
Microsurgical Repair and Reimplantation: 


A Case Report 


S.-E. BERGENTZ, P. FAARUP,* V. HEGEDÜS, T. LINDHOLM, E. LINDSTEDT 


YPERTENSION due to stenosis of a branch of the main 

H artery or of a small supplementary artery is usually 
treated by nephrectomy or kidney resection. However, 
advances in microsurgical technic have made ii possible 
to reconstruct vessels with a diameter less then 3 mm. 
Such reconstruction may be performed extracorporeally, 
in situations where surgical intervention with the kidney 
in situ is inconceivable.? 8-14 

The improved surgical technic has increasec the de- 
mand upon renal angiography, for exact localization of 
the diseased vessel and demarcation of the part of the 
renal parenchyma concemed. This is possible by three- 
dimensional renal angiography.1!:!” Peroperative renal 
biopsies (frozen section technic) has been fourd useful 
for recognition of that part of the kidney respor sible for 
the hypertension. This was equally the case concerning 
possible degenerative changes of the renal paren- 
chyma.?'5:6 

The case here reported illustrates the importance of the 
improved diagnostic pre- and peroperative evaluation 
for the reconstructive surgery in a case of rencvascular 
hypertension, caused by occlusion of a supplementary 
artery following arterial catheterization. 


Case Report 


In November 1968, a 22-year-old man had an episcde of 
macroscopic hematuria without any other symptoms, Examination 
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during the following months showed persistent microscopic 
hematuria. The renal function was normal as were the findings 
at intravenous pyelography and cystoscopy. In May 1969 
aortography was done. This showed two arteries to the right 
kidney and three to the left one, but no pathologic changes were 
found. Selective angiography with catheterization of each renal 
artery did not show any abnormalities (Fig. 1). A percutaneous 
renal biopsy displayed very slight glomerular changes, suggesting 
the possibility of a latent glomerulonephritis causing the hematuria. 
Blood pressure was normal. For 1 month the patient was treated 
with prednisolone, 30 mg. per day. In August 1969, headache 
developed and blood pressure was found to be in the range of 
240/150 mm. Hg. Despite heavy antihypertensive treatment blood 
pressure remained in the range of 180/120 mm. Hg in recumbent 
position and about 165/110 mm. Hg in standing position. In 
November 1969, the patient developed hypertensive retinopathy 
of grade III according to Keith-Wagener. The renal function was 
normal with a creatinine clearance of 111 ml./min. A new renal 
aortography revealed the supplementary artery of the right kidney 
to be occluded. The tissue previously supplied by this artery 
was now vascularized by collaterals (Fig. 2). The occlusion of 
this artery was probably caused by the catheterization of the 
vessel at the first angiography. 

Blood angiotensin determinations showed a concentration of 
190 mg./100 ml. in the brachial artery, 285 mg./100 ml. in 
the left renal vein and 170 mg./100 ml. in the right renal vein. 

For long periods the patient was unable to work. Due to 
headache and tiredness he was admitted for further examina- 
tion in November 1971. 

The renal function was normal with a creatinine clearance 
of 123 ml. per minute and a *!Cr-EDTA clearance of 115 ml. 
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Fic. 1. Selective investigation of the supplementary artery to the 
right kidney. Note the wedge position of the catheter. This 
artery became occluded and, as later demonstrated, causec the 
patient’s hypertension. 


per minute. No proteinuria or hematuria was found. Renography 
demostrated a reduced perfusion of the right kidney. A new 
blood angiotensin determination from the renal veins showed 
bilaterally almost normal values and no side differences. 

As it was obvious that the right kidney was most likely the 
cause of hypertension, a nephrectomy was considered. Before this 
decision was made further investigations concerning the possibility 
of reconstructive vascular surgery were performed. 

Three-dimensional selective angiography! of the right main 
renal artery showed that the ischemic part of the kidney was 
localized dorsally in the middle part of the kidney supplied by 
extra- and intrarenal collaterals, mainly developed from pelvic 
arteries of the kidney (Figs. 2 and 3). Out of this investigation 
it was already obvious preoperatively that a partial nephrectomy 
would be impossible and that a successful revascularization of 
the occluded vessel in situ would be very difficult. 


Operation 


The right subcostal incision was made and ascending and 
transverse colon deflected medially. The vena cava and aorta 
were dissected free at the level of the right renal vesseb and 
the right kidney was mobilized completely. The upper kalf of 
the posterior surface of the kidney was fixed by firm adhesions 
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Fic. 2. Aortography, 6 months after the first investigation. The 
extrarenal part of the supplementary artery to the right kidney 
is now occluded (arrow). The diseased part of the kidney is 
supplied by a system of collaterals, developed from renal pelvic, 
ureteric and one lumbar artery (double arrow). 


to the posterior abdominal wall. The kidney surface in this 
region was covered with a thick fibrotic capsule. The main 
artery had an external diameter of about 5 mm, and appeared 
normal. The small artery which originated 1.5 cm. below had 
mm, external diameter and was occluded a few mm. 
outside 


about 2 
from the aorta. It had a normal wall and lumen 2 cm. 
renal parenchyma. Revascularization of this small artery was not 
possible in situ. A wedge biopsy was taken from the middle 
posterior ischemic part of the kidney. Another biopsy was taken 
from the lower pole where the blood supply was normal. Frozen 
sections from the affected part showed moderate ischemic atrophic 
changes of the cortical parenchyma with systematic hyperplasia 
of the juxta-glomerular apparatus of the nephrons as found in 
renovascular hypertension. Contrary, in the unaffected paren- 
chyma no systematic hyperplasia of the juxta-glomerular apparatus 
was present, but moderate hypertensive vascular changes were 
found (see kidney pathology for definite description). As pre- 
operative X-ray examinations and peroperative frozen section 
investigation concordantly indicated that the hypertension was 
induced from the middle-dorsal segment of the right kidney, an 
extracorporeal reconstruction of the vessels and renal auto- 
transplantation was decided upon. The renal arteries and vein 
were divided and the ureter was mobilized. The kidney was 
brought out through the wound and perfused as previously de- 
scribed in renal transplantation. Methylene blue was then injected 
into the supplementary artery. Dye appeared in the renal vein 
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Fic. 3. (a) Preoperative 
selective investigation of 


the right main renal 
artery in the anterior- 
posterior projection, 


showing the intrarenal 
collaterals around the 
renal pelvis, filling the 
diseased part of the kid- 
ney in retrograde direc- 
tion (arrows). (b) In 
the lateral projection the 
non-opacified area dem- 


onstrates the diseased 
part, localized dorsally 
in the kidney (in 
bracket ). 


and very early in the major renal artery showing that intrarenal 
collaterals between the two arteries were present. Tke middle- 
posterior part of the kidney was poorly stained but a small area 
of parenchyma, apparently normal, close to this area was heavily 
stained. The rest of the kidney was not stained. 

Under total bloodlessness the two arteries were cut longitu- 
dinally about 10 mm. on corresponding surfaces end connected 
in a v-form, using 6/0 Ethiflex atraumatic sutuse, ophthalmic 
magnifier and instruments for microsurgery. In this vay a common 
arterial lumen was constructed (Fig. 4). 

A new incision was made in the right iliac fossa and the 
iliac vessels dissected free. The renal vein was connected end 
to side to the external iliac vein and the renal artery end to 


Fic. 4. Schematic draw- 
ing illustrating how the 
small, two millimeter 
wide artery is joined to 
the bigger artery to form 
one common lumen. 
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end to the internal iliac artery. The ureter was mobilized but 
was not divided. 

The postoperative course was uneventful. The patient became 
normotensive immediately after operation. In February 1972, a 
new renography was performed. The activity curve of the auto- 
transplanted right kidney was normal, indicating an improvement 
of the perfusion rate. The blood pressure was still normal in a 
range of 140/80 mm. Hg without antihypertensive drugs. 
Urography showed normal conditions in the autotransplanted 


kidney (Fig. 5). 


Fic. 5. Postoperative 
urography, showing the 
kidney normally func- 
tioning, transplanted into 
the right iliac fossa. 








Fic. 6. Biopsy from the affected part of the kidney. In the 
afferent arteriole (a) of the juxtaglomerular apparatus significant 
epitheloid cell hyperplasia is found (arrows). This is equally seen 
in the Goormaghtigh cellgroup (GC). MD: Macula densa. PAS- 
stain, « 760. 


Kidney Pathology: 


A. Affected Part of the Kidney (Fig. 6). In the cortical pasen- 
chyma some atrophic nephrons with hyalinized glomeruli were 
present superficially in the most central part of the biopsy. How- 
ever, most nephrons were seen without significant atrophy or 
interstitial fibrosis. In the juxtaglomerular apparatus and in 
preafferent arterioles systematic epitheloid cell hyperplasia was 
found. No hypertensive vascular changes were present. The 
number of epitheloid cells per 25 juxtaglomerular apparatus was 
153, being clearly elevated.‘ 

B. Unaffected Part of the Kidney (Fig. 7). In the renal biopsy 
outside the ischemic area of the kidney the cortical parenchyma 
were found without significant degenerative changes. In the 
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Fic. 7. Biopsy from the unaffected part of the kidney. In the 
interlobular artery (A) as well as in the arterioles (arrows) 
PAS-positive, hypertensive changes are seen. No epitheloid cell 
hyperplasia is present. DT: Distal tubule. PAS-stain, «760. 
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arteries and arterioles moderate, chronic hypertensive changes 
were frequently found. No systematic epithelioid cell hyper- 
plasia was found in the juxtaglomerular apparatus. The number 
of epitheloid cells per 25 juxtaglomerular apparatus was 82. 


Discussion 


The renovascular hypertension in this case was caused 
by occlusion of the supplementary artery of the right 
kidney, probably as a consequence of the selective 
catheterization performed. The hazards of arterial cathe- 
terization are well known.™1®%13 The risk of complications 
seems to be increased when selective catheterization of 
small branches are performed. 

The case illustrates, however, the value of the radio- 
logic method used for accurate planning of surgical inter- 
vention. By use of three-dimensional angiography it was 
possible to localize the intrarenal position of the tissue 
which was causing the hypertension. In addition an exact 
description of the topographic arrangement of the extra- 
and intrarenal collaterals was possible. By these means, 
it could be concluded preoperatively that a kidney re- 
section was not necessary. The accurate radiologic diag- 
nosis also facilitated the procurement of biopsies from 
the affected and the nonaffected part of the kidney. 
Peroperative investigation of the biopsies showed 
morphological changes in the affected part of the kidney, 
typical for renovascular hypertension.*® Elsewhere, no 
atrophic changes in the parenchyma, necessitating neph- 
rectomy, were present.’ The unaffected parenchyma was 
essentially normal. All these diagnostic procedures were 
essential for the optimal handling of surgical interven- 
tion. It was also shown, that in this case requiring 
intricate renovascular surgery, in which reconstructive 
intervention in situ was technically impracticable, ex- 
tracorporal vascular reconstruction in total bloodlessness 
followed by autotransplantation may be the method of 
choice. 


Summary 


In renovascular hypertension due to ischemia in a part 
of a kidney the successful operative treatment may de- 
pend upon detailed diagnosis prior to surgical inter- 
vention. This includes preoperative spatial elucidation 
of the lesion by use of three-dimensional angiography 
and peroperative confirmation of the renal changes in 
biopsies, Using extracorporeal, bloodless repair of the 
abnormal renal vessel and autotransplantation of the kid- 
ney, normalization of the blood pressure was obtained, 
without any loss in functioning kidney tissue. 
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Reversible Pedal Ischemia Following Intra-arterial 
Infusion of Vasopressin at a High Dosage Level Required 
for Control of Massive Bleeding from the Small Bowel: 


A Case Report 


GEORGE J. MOTSAY, M.D., DAVID E.R. SUTHERLAND, M.D., 


ASSIVE BLEEDING from the stomach and duodenum 
M as a response to trauma, sepsis, burns, uremia, 
pulmonary insufficiency or steroid administration is a 
well recognized syndrome. Bleeding from the distal small 
bowel under similar circumstances is, however, quite 
rare. This report describes massive bleeding from the 
small intestine in a septic patient following trauma, and 
also demonstrates control of the hemorrhage using an 
intra-arterial infusion of vasopressin. The development 
of an ischemic complication resulting from the vaso- 
pressin infusion, previously not reported, is also pre- 
sented. 


Case Report 


A 19-year-old male was transferred to the University of 
Minnesota Hospital (U of M #114-87-40) on October 8, 1971, 
6 days after exploratory laparotomy and splenectomy following 
an auto accident. A compound fracture of the left femur, fracture 
of the pelvis, and fractures of the seventh and eighth left ribs 
with a left hemothorax had been treated conservatively. Twenty- 
two units of blood had been required during the resuscitative 
period. 

Upon transfer the patient was anuric and required hemodialysis 
on 22 occasions over the next 4 weeks. Continuous ventilatory 
control was necessary for pulmonary insufficiency associated with 
presumed fat embolism. During his first hospital week a cysto- 
gram evaluated a bladder hematoma, a Scribner shunt was in- 
serted for renal dialysis, a left chest tube was placed for recurrent 
hemothorax, the leg wound was debrided and a Thomas splint 
applied for the left femoral fracture. Because of a persistent 
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fever, exploratory laparotomy was performed 11 days after ad- 
mission. No cause of fever was found. The patient’s renal function 
improved but the fever persisted (102 F daily) as did leukocytosis 
(35,000 to 50,000 cells/mm? ), Multiple urine cultures grew out 
Pseudomonas auruginosa but blood cultures remained negative. 
Australian antigen was not demonstrated nor were malarial 
parasites. 

About 5 weeks after transfer upper gastrointestinal hemorrhage 
began. A celiac arteriogram did not show the bleeding site, but 
gastroscopy revealed multiple erosions of the gastric mucosa. In- 
fusion of vasopressin at 0.2 units/min into the celiac artery failed 
to control the bleeding and a vagotomy, pyloroplasty, suture liga- 
tion of the bleeding erosions and devascularization of the greater 
curvature were carried out. The patient continued to bleed and 
the next day required total gastrectomy. 

The operations were well tolerated but the patient continued to 
have daily fever. Cytomegalovirus was cultured from the sputum 
and urine; Candida and Pseudomonas were cultured from the 
urine. Twelve days following gastrectomy, gastrointestinal hemor- 
thage recurred. Esophagoscopy and examination of 10 cm. of 
jejunum distal to the esophagojejunal anastomosis revealed no site 
of blood loss. 

A superior mesenteric arteriogram performed via a right femoral 
catheter revealed a site of bleeding in the small bowel as shown 
in Figures 1 and 2. Vasopressin was infused into the superior 
mesenteric artery at 0.2 units/min but the bleeding continued as 
before at the rate of one unit/2% hours. However, when infusion 
of vasopressin was increased to 0.40 units/min, the bleeding 
stopped instantaneously. 

The infusion of 0.40 units/min was continued for 48 hours and 
then decreased to 0.30 units/min for 24 hours. The dose was then 
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Fic. 1. Superior mesenteric arteriogram via right femoral artery 
demonstrating extravasation of contrast medium from ejunal or 
ileal branch of superior mesenteric artery. 


decreased to 0.25 units/min. Twenty-four hours later (6 days after 
start of vasopressin) the patient was noted to have £ mottled, 
cyanotic left foot with absent distal pulses. He had complained of 
a cold, sore foot for the 2 previous days which on plysical ex- 
amination appeared normal. A left femoral arteriogram was per- 
formed with the vasopressin infusion continuing. Good filling of 
the anterior and posterior tibial and peroneal arteries was noted 
with the absence of visualization of small vessels. This pattern was 
not altered with two doses of 20 mg. of papaverine, each injected 
into the left femoral artery. The infusion of vasopsessin was 
stopped; the catheter in the superior mesenteric artery was re- 
moved and the foot began to warm and the cyanosis disappeared. 
Skin blisters subsequently developed on the dorsum ef the left 
foot which subsided and the foot healed. No further gastrointes- 
tinal bleeding occurred. The patient was finally discharged with 
a hinged cast and crutches 129 days after admission. 


Discussion 


Hemorrhage associated with stress most commonly ap- 
pears in the stomach or duodenum. Sutherlard et al.’ 
have reported cecal ulcers and others have reported 
distal colonic ulcerations in critically ill patients. Less 
attention, however, has been focused on the smal] bowel 
as a site of massive bleeding under these circumstances. 
The patient in this report bled 24 units of blood from 
the small bowel before control was achieved with intra- 


Fic. 2. Later film of arteriogram from Figure 1 showing persist- 
ence of contrast medium in area of extravasation suggesting ulcer 
crater. 


arterial infusion of vasopressin. His ability to respond to 
the stress of trauma and sepsis with gastrointestinal 
hemorrhage was previously demonstrated in the form 
of massive gastric bleeding, which was non-responsive 
to vagotomy, pyloroplasty and partial gastric devascu- 
larization and finally required total gastrectomy. 

The most commonly described lesions of the small 
intestine, exclusive of the duodenum, responsible for 
life threatening hemorrhage are benign and malignant 
tumors,! Meckel’s diverticuli!® and non-Meckel’s diver- 
ticuli.? It is most likely that our patient had none 
of these lesions since they would probably have been 
noted during examination of the bowel at one of his 
three laparotomies, each of which was carried out in a 
careful fashion since a thorough search for sepsis was 
made on each occasion. Examination of the arteriogram 
seen in Figures 1 and 2 suggests the bleeding site to be 
a small bowel ulceration. 

McHardy et al.‘ have observed hemorrhage from small 
bowel ulcerations, but according to Brown and Akin! 
these lesions usually present with either perforation or 
partial obstruction. Brown and Akin? also report that in 
almost half of the cases of small bowel ulcers, enteric 
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coated potassium chloride with or without thiazides was 
being ingested. In the remaining cases the etiology re- 
mains obscure, although in a recent pathologic investiga- 
tion by Margaretten and McKay,’ thrombosis ef the 
mucosal microcirculation has been described. A few 
small bowel ulcers have been correlated with severe 
stress by Litwin and Crane.? 

A unitarian hypothesis that the whole gastrointestinal 
tract is susceptible to stress ulceration seems logical, 
and the lesions may occur in response to decreased per- 
fusion through the mucosal microcirculation. The ad- 
dition of hydrogen ion in the gastric and duodena! area 
may make them more susceptible and account for their 
higher frequency of hemorrhage. 

This patient also demonstrates that nonoperative means 
can be used to achieve control of some bleeding from 
the small intestine. The modality of vasopressin infusion 
via a catheter placed in the superior mesenteric artery 
has been used extensively by Nusbaum et al.® to control 
bleeding from esophageal varices. This form of therapy 
has also been used to control arterial bleeding from 
lesions in the stomach, duodenum or large intestine by 
Nusbaum et al.* and Rosch and co-workers.” We have 
used it in two cases of acute cecal ulceration in patients 
with sepsis and chronic steroid ingestion. 

The initial infusion of 0.2 units/min, the dose usually 
advocated, did not alter the rate of blood loss from this 
patient and 0.33 units/min was also ineffective. Not 
until 0.40 units/min were infused was control achieved. 
This was dramatic, with virtually a complete cessation of 
blood loss almost instantaneously. We are not aware that 
this high dose has been used clinically and with success. 
This high dose was subsequently tapered and then dis- 
continued with no further evidence of bleeding. 

Previous reports on infusion of vasoactive agents for 
control of gastrointestinal bleeding emphasize that 
ischemic complications have not occurred. In this case 
the development of an ischemic left foot is most probably 
related to the infusion with a possible contribution from 
the recent femoral fracture. Left femoral arteriography 
during vasopressin infusion showed patent large vessels 
including anterior and posterior tibial and peroneal arter- 
ies down to the ankle. The small vessels below the ankle 
were not visualized. Small vessel spasm was not respon- 
sive to papaverine but cessation of the infusion was asso- 
ciated with improvement as noted by warming of the foot, 
decreased pain and disappearance of the cyanotic mottl- 
ing. 

The nurses notes revealed the patient complained of a 
cold left foot for 2 days prior to development of cyanosis. 
The pitressin infusion had been decreased from a high of 
0.4 units/min to 0.2 units/min over this time. Ischemic 
complications would seem more likely to develop at 
higher infusion rates. The possibility exists, however, that 
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the infusion catheter, previously placed in the superior 
mesenteric artery became dislodged and slipped into 
the aorta and only then did the streaming of vasopressin 
into the left foot result in the complication. Since the 
ischemia was reversed and the patient did not rebleed 
the complication was not permanently harmful, However, 
this episode may be a harbinger of future problems with 
this type therapy especially when larger infusion doses 
are used and suggests careful observation of these pa- 
tients is required to avoid permanent damage from the 
complications. 


Summary 


Severe life threatening hemorrhage from an ulceration 
of the small bowel in a patient with trauma and sepsis 
was controlled by intramesenteric arterial infusion of va- 
sopressin. Intra-arterial infusion of 0.2 units/min of vaso- 
pressin had not been able to control gastric or intestinal 
hemorrhage. A higher rate of infusion into the superior 
mesenteric artery brought about immediate cessation of 
the intestinal bleeding. 

Ischemia of the left foot developed during tapering of 
the vasopressin infusion. Although location of the tip of 
the infusion catheter was not established the immediate 
improvement of the patient’s symptoms shortly after 
termination of the infusion suggest that vasopressin was 
directly responsible. 
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Hyperosomolar Coma in Surgical Patients: 


An Iatrogenic Disease of Increasing Incidence 


RICHARD M. ENGELMAN, M.D., WILLIAM M. STAHL, 


l* RECENT YEARS reports of hyperosmolar, Irypergly- 
cemic, nonketotic diabetic coma ( HHNKDC) have 


proliferated greatly. 12 Our experience with ten cases 


of this syndrome in the past 2 years on the surgical serv- 
ices of the New York University-Bellevue Medi >El Center 
is reported. It suggests that the rise of this entity may 
be due-not only to improved detection but also to iatro- 
genic factors such as the more potent therapeutic modal- 
ities of “hyperalimentation’ ‘and “hyperdiuresis”. The pro- 
file of the typical surgical patient now developing 
HHNKDC is changing in response to improved pre- 
and postoperative care. 

Most of the etiologic factors implicated in the genesis 
of the HHNKDC state in surgical patients are enumer- 
ated in the following categories and also are listed in 
Table 1. 


I. Susceptible Patient Populations: 


High-risk patients : who may develop hyperosmolar coma 
include all the various categaries of diabetes -ncluding 
the previously undiagnosed or chemical diavetics and 
the juvenile or maturity-onset types. Patients exhibiting 
pancreatic insufficiency such as those with acute and 
chronic pancreatitis and those postpancreatectomy are 
similarly at high risk, Uremic patients and patients un- 
dergoing the hyperglycemic stress of cardiopulmonary by- 
pass are especially susceptible. Particularly disturbing 
has been the recent genesis of HHNKDC after use of 
cardiopulmonary bypass in coronary arteriosclerosis in a 
patient population replete with diabetics dve to the 
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increased association of the two diseases, ata ex- 
planations implicate the hyperglycemic effect of by- 
pass,® mediated perhaps by epinephrine release, the 
destruction of endogenous insulin, induction of a state 
refractory to exogenous insulin, and the use of dextrose 
solutions as a pump prime. 


II. Exogenous Glucose Loads: 


In the surgical population HHNKDC usually results 
from administration of an overwhelming glucose load.’ 
As parenteral and enteral alimentation technics have 
improved so have the complications. The susceptible pa- 
tient has developed the HHNKDC state after ‘receiving 
intravenous dextrose solutions of 5 and 50% concentra- 
tion as well as the newer intravenous “hyperalimenta- 
tion” solutions, oral “elemental” ‘diets, and tube feedings. 
Especially dangerous is the simultaneous administration 
of two or more. of these hypertonic media, an ever more 
common practice as greater therapeutic boldness ac- 
companies increased familiarity and experience in -their 
use. 


II. Hyperglycemic Medications: 


The interaction of several commonly employed medica- 
tions with hyperglycemic potential in the management 
of the seriously-ill surgical patient has been a major 
cause of HHNKDC. Corticosteroids, with well-described 
gluconeogenic effects,'? are used before, during, and after 
operation in often huge doses, as in the management of 
aspiration pneumonia, a frequent surgical complication. 
Epinephrine used as a supportive drip or as a bolus has 


652 


TABLE 1. Etiologic Factors in the Genesis of HHNKDC 
in Surgical Patients: 





I. Susceptible patient populations: 

. Previously undiagnosed or chemical diabetics. 
Juvenile or maturity-onset diabetics. 

. Acute and Chronic pancreatitics. 

. Post-pancreatectomy patients. 

Uremic patients. 

. Patients undergoing cardiopulmonary bypass. 

. Patients undergoing peritoneal or hemodialysis. 
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II. Exogenous glucose loads: 
A. Intravenous 5% dextrose solutions. 
B. Intravenous 50% dextrose solutions. 
C. Intravenous “hyperalimentation” solutions. 
D. Oral “elemental” diets. 
E. Tube feeding preparations. 


HI. Hyperglycemic medications: 
A. Corticosteroids. 
B. Epinephrine. 
C. Glucagon. 
D. Dilantin. 
E. Concentrated dextrose solution used as g cardiotonic. 


IV. Dehydrating situations: 
A. Dturesis with furosemide. 
B. Diuresis with ethacrynic acid. 
C. Burn injuries with huge fluid losses. 
D. Starvation and dehydration. 


V. Uremia: 

. Acute and chronic renal failure. 

. Diabetic nephropathy. 

. The post-nephrectomy patient. 

. Renal failure secondary to heart failure. 

. Massive upper gastrointestinal hemorrhage. 

. Excessive Amounts of dextrose in dialysis solutions. 
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a pronounced hyperglycemic effect and probably ia- 
activates endogenous insulin. Glucagon has come inžo 
increasing use as a cardiotonic agent whose positive 
inotropic effect is believed to be independent of its hy- 
perglycemic effect. Concentrated dextrose solutions hare 
found a role as cardiotonic agents especially during rz- 
suscitative attempts in cardiac arrest. Dilantin has elzo 
been reported as a cause of HHNKDC.® The simultan- 
ous employment of several of these agents, a not uncem- 
mon occurrence, often serves to potentiate the hypergl»- 
cemia. 


IV. Dehydrating Situations: 


The acute and chronic use of the potent diuretics 
furosemide and ethacrynic acid can easily result in de- 
hydration and hypertonicity.? Early survival of seriously 
burned patients has increased as a result of improved 
initial resuscitation, but the risk of HHNKDC in tis 
group of patients with huge fluid losses has correspor.c- 
ingly increased,® Acute and chronic starvation is a fre- 
quent cause of dehydration especially in the geriat-ic 
population.' Silver nitrate treatment of burn wounds tas 
a pronounced dehydrating effect and has been describad 
as a cause of HHNKDC. 
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V. The Uremic State: 


Improved survival of diabetics has been paralleled by 
increased numbers of patients with diabetic nephrop- 
athy. Decreased renal reserve in these patients and in 
the large number of surgical patients with acute and 
chronic renal ` failure, in the postnephrectomy pa- 
tient, and in those with renal failure secondary to chronic 
congestive heart failure, makes them susceptible to hyper- 
glycemia and hypertonicity when challenged with a mas- 
sive glucose load. Gram negative septicemia with ‘stress 
ulceration and massive upper gastrointestinal hemor- 
rhage is an increasingly common complication in the care 
of critically ill surgical patients. The urea overload which 
results can overwhelm the renal reserve of a surgical 
patient with even mild renal failure. “Hyperdiuresis” 
with potent diuretic cocktails in the pre- and intraopera- 
tive management of surgical candidates with low crea- 
tinine clearances can easily induce a hypertonic state in 
the immediate postoperative period. Finally, as the tech- 
nics of peritoneal and hemodialysis find increased appli- 
cation, care must be taken to avoid excessive amounts of 
dextrose in the dialysis solution. 


Case Reports 
I, HHNKDC Following Hyperalimentation: 


Case 1. A 57-year-old chronic alcoholic man was admitted for 
treatment of intestinal obstruction and pancreatic insufficiency 1 
year following pancreatectomy for chronic pancreatitis. He lapsed 
into coma and the hyperosmolar, hyperglycemic, non-ketotic state 
after receiving simultaneous intravenous “hyperalimentation” with 
3 liters of Amigen and DsW per day, and oral hyperalimentation 
with 4 packets of Vivonex “elemental diet” per day, while recover- 
ing from exploratory laparotomy and lysis of adhesions. Early de- 
tection of the hyperosmolar state with vigorous hydration and im- 
mediate cessation of hyperalimentation led to this patient's retrieval 
and ultimate survival.’ : 


Case 2. A 55-year-old diabétic man with biopsy-proven esopha- 
geal carcinoma was scheduled to receive intravenous hyperalimen- 
tation prior to resection of the carcinoma. He accidentally received 
one liter of intravenous hyperalimentation fluid over a 20-minute 
period as a result of a nursing error, and immediately lapsed into 
the HHNKDC state, dying the next morning despite all resuscita- 
tive efforts. . 


Case 3. A 45-year-old diabetic man sustdined a large area 3rd 
degree sulfuric acid burn in an industrial accident. He lapsed into 
the HHNKDC state after a 5-day course of oral hyperalimentation 
with Vivonex (1-2 packets per day) with simultaneous intraven- 
ous infusion of dextrose 5%. Although his HHNKDC cleared with 
appropriate therapy he ultimately succumbed from his burn in- 
juries. i l 
Il. HHNKDC Following Cardiopulmonary Bypass: 

Case 4. A 59-year-old hypertensive man with maturity-onset 
diabetes managed for many years with tolbutamide underwent 
coronary artery bypass surgery for the treatment of angina pectoris 
and congestive heart failure of 10 years’ duration. Cardiopul- 
monary bypass continued for 7 hours and 13 minutes. Serum 
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hemoglobin was 252, serum glucose 495, and the serum >smolality 
323 immediately postoperatively. Fluid was replaced wita dextrose 
5%. The patient lapsed into semicoma with a blood glucoses of 645 
and a CO: of 15. He recovered after a stormy course. 


Case 5. A 58-year-old hypertensive man with matwrity-onset 
diabetes had been managed for 5 years with Iletin-NPH and reg- 
ular insulin. He underwent coronary artery bypass surgery for the 
treatment of anginal syndrome and congestive heart failure of 2 
years’ duration. Cardiopulmonary bypass lasted 3 houzs and 27 
minutes after which the serum hemoglobin was 106. The patient 
had been receiving furosemide, ethacrynic acid, Mercuhydrin, and 
Aldactone preoperatively, and had received an oral logding dose 
of furosemide 320 mg. 4 days prior to operation. Blood glucose 
was 600 immediately postoperatively and rose to 1,5) with a 
serum sodium of 160. by the eighth postoperative day when the 
syndrome of HHNKDC became full-blown. He had keen given 
40 mg. of furosemide, 50 mg. of ethacrynic acid, and 13.5 Gm. of 
mannitol intravenously on the seventh postoperative dav to main- 
tain urine output. He also had been on a glucagon dris (4 mg./ 
hour) continuously since the first postoperative day to maintain 
blood pressure. The patient continued to have a serum sodium 
level of greater than 150 with maintenance of vigorous diuresis. 
He ultimately died with a sodium level of 187, a glucose of 435 
and a BUN of 126 on the 25th postoperative day. His oo 
had apparently been irreversibly damaged. P 


Case 6, A 65-year-old man with no personal or family histary 
of diabetes underwent coronary artery bypass for arg:nal syn- 
drome of 7 years’ duration, heart failure of 2 years’ du-ation, and 
had a history of five myocardial infarctions over the previous 11 
years, Cardiopulmonary bypass lasted 5 hours and 31 minutes. For 
many years he had been maintained on 5 mg. of prednisone daily 
in the treatment of chronic obstructive pulmonary diseasé. About 
otie week postoperatively he became confused and letaergic and 
sustained massive upper gastrointestinal hemorrhage. From the 
third to the sixth postoperative day he had received 25 mg. of 
prednisone intravenously at 6-hour intervals as well es doses of 
Solu-Cortef and Solu-Medrol on the eighth and tenth postopera- 
tive days. He was given a dose of 40 mg. furosemide on the second 
postoperative day, and urine output was never less than 50-100 
ce, per hopr thereafter. On the eighth postoperative day serum 
glucose was noted to be 556 and BUN rose to 350 with a serum 
sodium level of 164. The diagnosis of HHNKDC was made and 
therapy with insulin and intravenous fructose was instituzed, Peri- 
toneal dialysis was begun on the eleventh postoperativ= day with 
clearing of a right hemiparesis first noted during the period of 
dialysis. Serum osmolality was 498 on the tenth postoperative day. 
In spite of some improvement in the clinical and chemical pro- 
files, the patient sustained a cardiac arrest with hyperkalemia of 
7.9 and could not be resuscitated; 


Ill. HHNKDC After Intravenous Dextrose Infusions: 


Case 7. A 45-year-old man had no prior history of diabetes but 
on admission for pacemaker failure was found to have a blood 
glucose level of 150. He developed HHNKDC after recziving 50 
ce of 50% dextrose in water intravenously along with an infusion 
of dextrose 5% duting resuscitation from cardiac arres” secondary 
to pacemaker failure. He developed hyperglycemia ot 1400 and 
a peak sodium level of 148. Although he survived thé initial épi- 
sode he succumbed to repeated episodes of ventricular Ebrillation 
3 weeks after pacemaker replacement. 


Case 8, A 72-year-old man with no past or family history of 
diabetes had an admission blood glucose of 200 while receiving 
an intravenous infusion of 5% dextrose during transfer from an- 
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other hospital following insertion of a nail and bar for a fractured 
right hip several days previously. He lapsed into coma with a peak 
glucose level of 984, peak sodium level of 150, and a peak BUN 
of 127. He was successfully treated for HHNKDC and survived 
3 further months of hospitalization which included gram negative 
septicemia secondary to urinary tract obstruction, a suprapubic 
cystotomy, and a suprapubic prostatectomy; Careful attention to 
his metabolic state prevented subsequent oe of HHNKDC 
and he went home in good condition. 


Case 9. A 40-year-old woman developed HHNKDC on the first 
postoperative day following suture of a liver laceration and right 
nephreztomy for a stab wound of the kidney. Admission BUN and 
serum creatinine levels were normal and never rosé above BUN 
of 29 and a creatinine level of 1.9. Intravenous infusion of dex- 
trose 5% apparently overwhelmed her ‘decreased renal ‘filtration 
reserve due to a combination of unilateral nephrectomy and dia- 
betic nephropathy in the remaining kidney. She survived after 
appropriate therapy. 


IV. HHNKDC Following Total Pancreatectomy: 


Case 10. A 40-year-old man with no past or family history of 
diabetes developed HHNKDC in the immediate postoperative pe- 
tiod after undergoing total pancreatectomy for Jiposarcoma of the 
head and body of the pancreas. He remained; in com and died 


despite vigorous resuscitiative therapy. : , ` if 
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Discussion 

The classic profile of the surgical atient developing 
HHNKDC in previous reviews*®° has oats male, elderly, 
with a mean age of 70, and the etiologic factor has simply 
been to infuse 5% dextrose intravenously in the post- 
operative period. Approximately two-thirds of previously 
reported patients had known diabetes diagnosed prior 
to the onset of HHNKDC. Our patients however are 
younger, with a mean age of 53, and only one-third had 
diabetes diagnosed prior to the onset of HHNKDC. The 
etiologic factors were much more diverse. 

The risk of precipitating the HHNKDC Syndrome is 
compounded when the two popular methods of “hy- 
peralimentation,” iritravenous and oral, are employed 
simultaneously. A spate of iatrogenic deaths is to be 
expected if surgeons seeking to render aggressive care 
administer simultaneous intravenous hyperalimentation 
and oral elemental diets in a sincere attempt to “build 

up” the severely malnourished surgical patient. Even 
the simultaneous employment of intravenous dextrose 5% 
and oral elemental diet is probably dangerous. 

Increasing eared of diabetic patients will be under- 
going the hyperglycemic stress of cardiopulmonary ky- 
pass for coronary artery surgery due to the association of 
diabetes and early coronary arteriosclerosis. The cases of 
HHNKDC observed in’ our ‘initial series demand that 
extreme caution be exercised in the use of 5% dextrose as 
a pump priming solution. The combination of diabetes, 
acute and chronic diuresis, glucagon, epinephrine, and 
intravenous dextrose can lead to the lethal complex of 
HHNKDC and cerebrovascular thrombosis. The three 
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coronary artery patients we reported were either ove-tly 
diabetic or on chronic corticosteroid therapy prior to 
operation. They shared a common history of severe con- 
gestive heart failure requiring potent diuretic tter- 
apy preoperatively. All had prolonged cardiopulmonary 
bypass with elevated serum glucose and hemoglobin 
levels. All received potent diuretic therapy in the post- 
operative period and the major replacement fluid was 
5% dextrose solution. All were maintained on epinephrine 
drips for varying periods and in one case a gluca- 
gon drip was continued for several days. None of dur 
coronary artery patients had prior history of renal dis- 
ease, however, all had mildly eleyated BUN (mean of 27) 
and Creatinine (mean of 1.5) preoperatively. All Je- 
veloped renal failure postoperatively with a mean BUN 
of 206 and mean creatinine level of 5.2. Attention must 
be paid to the hyperosmolar effect of the overvigorous 
use of the “hyperdiuretics” furosemide and ethacrynic 
acid. The employment of the hyperglycemic agents 
glucagon, epinephrine, and 50% glucose used as carcio- 
tonics poses an added threat to the diabetic patient with 
congestive heart failure and low cardiac output. Serum 
osmolality and glucose levels should be monitored fre- 
uently during “hyperalimentation” and following carcio- 
pulmonary bypass of diabetic patients. 

What is usually considered a normal glucose load may 
be sufficient to precipitate HHNKDC in patients with 
extensive burns, postpancreatectomy pancreatic insuf- 
ficiency, uremia, and postnephrectomy renal insufficiency. 

The syndrome of HHNKDC is best’ prevented be- 
cause treatment leaves much to be desired, with the 
mortality of treated patients running greater than 5%. 
The damage to the hypothalamic “osmostat” is often 
irreversible. Our surviving patients all shared early 
detection and vigorous and often heroic treatment of the 
hyperosmolar state. As more diabetic patients undergo 
coronary artery bypass surgery, as the incidence of 
chemical and overt diabetes rises in our population cue 
to gene penetrance, as surgeons become more aggress-ve 
in the employment of the newer therapeutic modalities 
of “hyperalimentation” and “hyperdiuresis” with in- 
evitable overlap, the incidence of iatrogenic hyperos- 
molar, hyperglycemic, non-ketotic, diabetic coma vill 
inevitably increase. Awareness of the ease of genesis 
of the syndrome, scrupulous monitoring of the metabclic 
status of the surgical patient and some restraint in the 
simultaneous use of some of the more potent weapcns 
in our therapeutic arsenal, will go a long way in stem- 
ming this potential tide of iatrogenic catastrophes. 


Conclusions 


1) HHNKDC is an iatrogenic disease of increasing 
incidence in the surgical patient population, and it is 
preventable in many cases. 
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2) Resuscitative treatment of HHNKDC is successful 
in less than 50% of cases. 

3) The age group of surgical patients developing 
HHNKDC is a much younger one than that described 
in the medical literature. and the mean age continues 
to decrease, 


Summary 


Experience with 10 recent cases of hyperosmolar 
hyperglycemic nonketotic diabetic coma in surgical 
patients is presented with the aim of alerting the surgi- 
cal profession to the risk of iatrogenic genesis of this 
usually lethal syndrome, The etiologic factors are pre- 
sented and the interaction of various precipitating ele- 
ments is discussed in the context of the case presentations 
and a changing profile of the typical surgical patient 
developing the hyperosmolar syndrome. 
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Red-Cell Fluid and Electrolytes During 
Hemorrrhagic Shock in the Monkey 


NCREASES in the sodiun content of red blood cells have 
I been described in patients with chronic uremia,’ 
cancer,!4 and burns? and have been ascribed to a defect 
in the erythrocyte’s active transport mechanism for so- 
dium.® Data presented by Middleton and associa-es,” and 
Campion and colleagues? suggest that a gereralized 
defect in the active transport of sodium across the cell 
membrane also occurs in hemorrhagic shock If the 
red cell membrane is also altered in hemorrhagic 
shock, this cell would be a valuable model for the study 
of the defect in the cell membrane electrolyte pump. 
Cunningham and associates* demonstrated a rise in red 
cell sodium in patients with severe and prolonged hemor- 
thagic shock. The present study was undertaken in an 
effort to determine if changes in water and electrolyte 
content of the red cells occur in monkeys subj2cted to 
hemorrhagic shock. 


Material and Methods 


Eighteen healthy ringtail monkeys (Cebus Apela) 
weighing between 1 and 2 Kg. were anesthetized with 
Sernylan (2 mg./Kg.). A femoral artery and vein were 
exposed and catheterized with a polyethylene 2atheter 
(PE 190). A 5-ml. sample of arterial blood was removed 
from each monkey and the blood pressure recorded on 
three occasions at 30-minute intervals for control data. 
Blood pressure was obtained with a Statham 23b 
transducer and recorded on a hot-stylus recorder. Ar- 
terial blood was then removed until the arterial sressure 
remained between 40 and 60 mm. Hg for 30 minutes. 
No blood was reinfused, and additional 5-ml. samples 
of arterial blood were removed every hour thereafter 
until the animal’s death. 

The blood samples were analyzed for pH, Poz and 
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Pcoz, and for the electrolyte content of the red cells 
and serum by the following methods: An aliquot of each 
sample was immediately analyzed for pH and gas pres- 
sure on a pH-gas analyzer.” The remaining sample was 
centrifuged at 15,000 RPM for 10 minutes at 4 C. After 
plasma was pipetted off, the buffy coat and top layer 
of red cells was removed and discarded. The plasma 
was analyzed for sodium, potassium, lactate, and chloride 
concentrations by previously described methods.> A 
weighed aliquot of the red cells was dried in a vacuum 
oven at 90 C for 48 hours and the difference between 
the wet and dry weights of the red cells was taken as 
red cell water; no correction was made for trapped 
water. Another aliquot of red cells was washed three 
times in iso-osmotic magnesium chloride at 0 C and 
hemolyzed. A method described by Welt and associates” 
was used to determine the concentrations of sodium and 
potassium in the red cells. 

The means of three contro] values and of the last sam- 
ples taken before death were statistically compared by a 
paired two-tailed -t test. Attempts were made to deter- 
mine relationships between the various parameters and 
to determine the effect of time on the parameters by 
linear regression and multivariant analysis. 


Results 


The 18 monkeys lived an average of 177 minutes 
(range, 60 to 315) after the onset of hemorrhagic 
shock. Red-cell sodium increased significantly whereas 
red-cell potassium and water showed only minor and 
insignificant changes (Table 1). The serum sodium in- 
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TABLE 1. Effects of Hemorrhagic Shock on the Red Cell of the Monkey 
Total Series 


Control 

Mean SD 
RBC Na mEq/L RBC 2.9 +40.6 
RBC K mEq/L RBC 116 + 10 
RBC H.0 % of weight of RBC 64 + 6 
RBC Na/Kg. dry weight of RBC 8.1 +1.7 
Plasma Na mEq/L 150 +7 
Plasma K mEq/L 33-10 
Arterial Po, mm. Hg 76 + 19 
Arterial pH 7.42 + 0.04 
Arterial lactate mM/L 2.74 1.4 


creased slightly while the serum potassium increased 
markedly. These results occurred in association wih a 
marked drop in pH and a rise in serum lactate. 

Previous data from man reported by Cunningham‘ had 
suggested the length of time in hemorrhagic shock 
might have some effect on the results. Therefore, the data 
from the seven monkeys living less than 120 mimutes 
were separated from the 11 that lived longer than 120 
minutes. The former group lived for a mean of 85 miaute 
of hemorrhagic shock (range, 60 to 115), Again, the 
contro] samples in each of these groups were compared 
to the last sample before death. No change occurred 
(Table 2) in red cell sodium, red cell potassium, or red 
cell water despite a fall in arterial pH and a rise in 
arterial lactate. Serum sodium and serum potassium Doth 
rose significantly in this group. 

The 11 animals that were in shock for longer than 120 
minutes lived a mean of 237 minutes (range, 120 to €15). 
There was a 0.7 mEq/L of red blood cells rise in red 
cell sodium (p = 0.01), a 4 mEq/L fall in red cell potas- 
sium (p = 0.05) and a 2% increase in red cell water 
(p = 0.04) (Table 3). Plasma potassium rose along 
with no significant change in arterial Pos or plesma 
sodium. The arterial pH and lactate rose significantly. 

Red-cell sodium, potassium, and water were analyzed 
as a function of time to determine if there was a prozres- 
sive rise that could be demonstrated through a statistical 


TABLE 2. 
Control 
Mean SD 
RBC Na mEq/L RBC 3.140.4 
RBC K mEq/L RBC 116 + il 
RBC H:0 % of weight of RBC 67 +9 


RBC Na/Kg dry weight of RBC 9.4+ 1.0 
Plasma Na mEq/L 150 + 8 
Plasma K mEq/L 3.45 + 0.87 
Arterial Poe mm. Hg 71 + 14 
Arterial pH 7.42 + 0.05 
Arterial lactate mM /L 3.1 +1.3 


Shock 

Mean SD Difference Significance (p) 
3.4 40.7 +0.5 0.005 
113 + 11 —3 0.1 
65 + 6 +1 0.07 
9.7+42.0 +1.6 0.003 
154 +7 +4 0.02 
7.2 350 +3.9 0.0001 

65 + 29 —11 0.2 
7.10 + 0.34 —0.32 0.001 
6.7 + 3.2 +4.0 0.0003 


fashion. Although no statistical relation to time was 
demonstrated, the variation in the data from different 
animals and an insufficient amount of data for this 
analysis could be factors. Likewise no statistical relation- 
ship among the various parameters studied could be 
found. 


Comment 


Although the values for the red cell electrolyte in the 
ringtail monkey are much lower than those in man, they 
are constant from one animal to the other. Thus the red 
blood cell of the monkey seems to have an active red 
cell membrane pump similar to that of man making the 
monkey a suitable species in which to study red cell 
electrolytes and water. 

Active transport of sodium and potassium across the 
cell membrane depends in part on an energy source, 
thought to be adenosinetriphosphate (ATP). If the neces- 
sary substrates for the metabolic processes that manu- 
facture ATP were not available, the red cell membrane 
pump would fail and the cell would gain sodium. Water 
might enter the cell following sodium; however, potas- 
sium might leave the cell, equalizing the iohic gradient 
so there would be no tendency for water to enter the 
cell. Potassium might even leave the cell in a sufficient 
quantity to cause water to leave the cell. 

An additional possible explanation for water entering 


Effects of Hemorrhagic Shock on Red Cell of the Monkeys Who Survived Less Than 120 Minutes 


Shock 

Mean SD Difference Significance 
3.3 + 0.6 +0.2 0.6 
114 + 10 +2 0.6 

68 + 8 +1 0.1 
10.3 +1.5 +0.9 0.5 
157 +7 +7 0.006 
7.53 + 1.67 +4.08 0.002 

68 + 25 —3 0.7 
7.08 + 0.02 —0.36 0.004 
7.64 2.4 +4.5 0.006 
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TABLE 3. Effects of Hemorrhagic Shock on he Red Cell of the Menkeys Who Survived Longer Than 120 Minutes 








Control Shock 
Mean SD Mean SD Difference Significance ($) 

RBC Na mEq/L RBC 2.7 +0.7 3.4 £0.8 +0.7 0.001 
RBC K mEq/L RBC 116 + 10 112 + 12 —4 0.05 
RBC H-0 % of weight of RBC 62 + 2 64 +: 3 +2 0.04 
RBC Na/Kg dry weight of RBC 7.1 + 2.0 9.44 2.1 42.3 0.001 
Plasma Na mEq/L 151 +8 153 + 8 +2 0.3 
Plasma J mEq/L 3.3 41.1 7.0 + 3.6 +3.7 0.003 
Arterial Pog mm. Hg 78 + 22 63 + 33 —15 0.2 
Arterial pH 7.43 + 0.05 7.11 + 0.42 —32 0.03 
Arterial lactate mM/L 2.4 + 1.4 6.0 + 3.7 +3.6 0.02 


the cell is the deficiency in the multivariant AT? mole- | 


cule causing a movement of univalent anions, most 
likely chloride, into the cell.§ This would create an 
osmotic gradient and water would move into the cell. 
The rise in red cell chloride would in turn be accom- 
panied by a fall in membrane voltage. Parker® has 
shown the less negative electromotive potential can be 
explained by metabolic depletion alone, without a change 
in red cell cation. | 

A third plausible explanation for the rise in zed cell 
sodium and water without involving the red cell pump 
is an increased membrane leak to cations. Although this 
is most prominent in the metabolic repleted red cells, 
flux studies are needed to exclude this from occurring 
in the red cells of an animal subjected to hemcrrhagic 
shock. 

The demonstration of an increase in red cell sodium in 
these animals is similar to the results in man described 
by Cunningham.* These authors also found thə intra- 
cellular shift of sodium: occurred only in patierts with 
profound shock for extended periods of time. They were 
able to resuscitate some of the patients demonstrating 
that this was not a sign of irreversible shock. Th-s study 
supports the work of Shires and associates®*7 on the 
movement of sodium into the cell probably due to a 
failure of the red cell membrane pump. These authors 
suggested that water followed sodium into the cell 
which was supported by the present experimen:s. 

The massive rise in serum potassium in late hemor- 
rhagic shock has been noted consistently in our animal 
studies®.* but is encountered rarely in humans in our 
experience, Although a shift of red cell potassium ‘nto the 
plasma is an obvious source, there does not seem.to be a 
relation between plasma potassium and the fall in red cell 
potassium in these studies (linear regression and multi- 
variant analysis). Furthermore, in dogs, who have a red 
cell potassium concentration similar to that of plasma, 
it occurs consistently and early during hemcrrhagic 
shock.. Studies on muscle of dogs in hemcrrhagic 
shock demonstrated no fall in muscle potassium, sug- 
gesting this was not a source of the rise in serum potas- 


sium.®® Other sources must therefore be examined. A rise 
in sodium concentration is thought to follow the in- 
crease in serum water.®.® 

An extensive study of muscle electrolytes and water in 
cogs in hemorrhagic shock in this laboratory over the 
past 5 years has not demonstrated an intracellular shift 
of sodium or water. These negative findings oc- 
curred depsite extended periods of hemorrhagic shock 
and the use of different extracellular tags. Although there 
remains a question of the reliability of any extracellular 
tag in hemorrhagic shock, the results raise a question 
about the participation of the muscle mass in a massive 
shift of fuid and electrolytes in hemorrhagic shock. 
Measurement of water and electrolytes in muscle biopsies 
in hemorrhagic shock in these studies did not suggest a 
massive movement from this tissue although intra-extra- 
cellular shifts could have occurred without being recog- 
nized. 

The present studies in the monkey demonstrate a 
movement of sodium into the red blood cell, potassium 
out of the cell, and water into the cell in severe pro- 
longed hemorrhagic shock. The movement was rather 
small, and although statistically significant, may not 
actually be clinical significant. The difficulty in finding 
these shifts suggests that it only occurs late in shock. 


Summary and Conclusion 


A study of the red cell electrolytes and water in 
the ringtail monkey during hemorrhagic shock demon- 
strated a significant rise in red cell sodium in animals 
that lived for longer than 120 minutes of hemorrhagic 
shock. Red cell potassium dropped slightly, and the 
red cell water rose. The rise in plasma sodium that has 
been previously demonstrated by this laboratory was 
confirmed, A marked rise in plasma potassium was 
demonstrated. These changes occurred in animals in 
severe hemorrhagic shock as demonstrated by a marked 
fall in pH and a marked rise in lactate. There was no 
significant change in Pos. 

The studies confirm the data of Shires and asso- 
ciates?4.7 and suggest either a failure of the red cell 
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membrane pump, metabolic depletion of the red cell, an 
increased sodium leak into the cell, or a combinatÐn of 
these defects in prolonged and severe hemorrhagic mock. 
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Hemodynamic Change and Bradykinin Levels in Plasma and 
Lymph During Experimental Acute Pancreatitis in Dogs 


agen when complicating the course of acute pan- 
creatitis, is a serious prognostic sign, characterized 
not only by hypovolemia, but also involving en altera- 
tion of local circulation through the pancreas. The pro- 
found shock which oceasionally accompanies necrotizing 
pancreatitis has been difficult to explain entirely on the 
basis of observable fluid shifts. In 1949, Rocha e Silva's’ 
discovery of vasoactive polypeptide, bradykinia, opened 
a new avenue of investigation. Bradykinin was shown 
to be capable of: producing vasodilatation, increased 
capillary permeability, hypotension, pelymorchonuélear 
leucocyte’ accumulation and pain. The pencreas is 
known to contain large’ quantities of trypsinogen 
and kallikreinogen, each of which, in their active:form, is 
_ capable of releasing bradykinin from its inactive pretur- 
sor, bradykininogen. This precursor is present as a 
- pseudoglobulin in plasma, lymph, and intestinal fluid. 
The current experiments’ were designed to study the 
systemic arterial pressure and alteration of portal venous 
and pancreaticoduodenal arterial flow in reletion to the 
bradykinin levels in blood and. lymph during experi- 


mental acute pancreatitis, 


Material and Method 


Sixteen mongrel dogs of éither sex (approximately 20 
Kg./body weight) were anesthetized wth sodium 
pentobarbital and pancreatitis was induced bi the intra- 
ductal injection of autologous bile (0.5 cc.-Kg.) under 
approximately 10 cm. of water pressure. Prior to the 
production of pancreatitis, a polyethylene cannula was 
inserted into the femoral artery to record -he systemic 
arterial pressure. The portal vein and superior pan- 
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ee en artery were exposed to permit measure- 
ment of flow. The femoral vein and thoracic lymph duct 
were also exposed and cannulated for repetitive sampl- 
ing. ‘Blood and lymph samples were drawn for brady- 
kinin before, 1 hour and 3 haurs after injection of 
bile. After collection of each specimen of lymph for ap- 
proximately 10 minutes, the flow of lymph was allowed 
to continue into the jugular vein. The systemic arterial 
pressure was monitored by a Sanborn 760 recording 
system, The portal venous and pancreaticoduadenal 
arterial flows were measured by a Biotronex Laboratory 
610 pulsed- logic flowmeter. Lymph samples were pre- 
pared for bradykinin determinations according to the 
method of Talomo.!! All samples were withdrawn into 
disposable plastic syringes containing 3.6 M` hexadi- 
methrine and 9 mg. disodium ethylene-diamine-tetra- 
ascetic acid (EDTA Naz) in 0.1 ml. of 0.15 M saline 
for each.9 ml. of samples. Samples were centrifuged i im- 
mediately at 1000 g for 5 minutes at 4C in a plastic tube. 
Aliquotes consisting of 2 ml. of plasma were transferred 
with siliconized glass pipettes to plastic tubes. The plasma 
proteins were precipitated with 0.1 ml. 20% trichlor- 
acetic acid. The precipitate was centrifuged at 1800 g 
for 5 minutes at 4C. The supernatant was decanted into 
a plastic tube. The precipitate was. résuspended i in 1 ml; 
0.9% trichloracetic acid and. centrifuged again at 1800 
g ior 5 minutės. The supernates were combined and the 
pH adjusted to 3.5 to 4.0 with N NaOH, The combined 
supernates were applied to a 0.5: x. 4 cm. column of 
Amberlite IRC-50 resin prepared | in 0.1 N acetic acid. 
The column was washed with 7 to 8 ml. 0.1 N acetic 
acid. The Banyan remaining on the column was eluted 
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Induced Pancreatitis 
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` Control f uw i ae 3 5 
HOURS 

Fic. 1. The changes (+SE mean) of mean arterial ptessure 
and mean flows in the portal vein and pancreaticoduodenal artery 
after induction of pancreatitis, associated with a constant in- 
travenous infusion of normal saline (100 ml./60 min), e—e 
femoral arterial pressure, o—o pancreaticoduodenal arterial fow, 
*—* portal venous flow. 


with 5 ml. 50% acetic acid. Sample was dried com- 
pletely. Bradykinin levels were measured by bioassay on 
the rat uterus!* and in some instances by radioimmuno- 
assay.11 Each experiment was continued for a period o 
5 hours. | 

The experiments were divided into two groups. The 
first group of dogs was given an intravenous drip of 
normal saline, The second group was given an intra- 
venous drip of plasma expander consisting of 6% Icw 
molecular weight (mol. wt. 37,000-43,000) dextran in 
0.9% saline, The intravenous infusions were at a constant 
rate of 100 ml./hour. . | 


Indused Pancreatitis 
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Fic. 2. The change of mean arterial pressure and the flow in 


portal vein and pancreaticoduodenal artery after induced pan- 
creatitis under a constant intravenous infusion of plasma expander 
(low ‘molecular dextran). e—e femoral arterial pressure, 0—0 
pancreaticodtiodenal arterial flow, *—* portal venous flow. 
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Results | 


Group I: Intravenous Infusion of Normal Saline. Si: 
dogs were used. The mean arterial pressure and the flov 
in the pancreaticoduodenal artery and portal vein befor 
and after the induction of pancreatitis are shown in Fig 
ure 1. After induction of pancreatitis, the mean systemic 
arterial pressure began a gradual decrease. The meat 
arterial pressure fell by 28% of its control value within ¢ 
hours after the induction of pancreatitis. The mear 
pancreaticoduodenal arterial flow decreased by 36% 
below its control value within 1 hour. It then gradually 
increased to 13% below the control value at 2 hours 
and again gradually decreased by 44% below the contro! 
value at 5 hours. The changes in mean portal venous flow 
showed the same pattern as the pancreaticoduodenal 
artery. Portal venous flow decreased by 39% below the 
control value 1 hour after pancreatitis, rose within 2 
hours to 11% below the control value. From 3 to 5 hours, 
the portal venous flow then decreased gradually by 52% 
below the control value. 

Group II: Intravenous Infusion of Plasma Expander: 
Ten dogs were studied as above, each receiving a con- 
stant infusion of 5% dextran in saline (Fig. 2). The mean 
systemic pressure fell 18% below the control values within 
2 hours after the induction of pancreatitis and was 
maintained at this level throughout the subsequent 3 
hours of study. 

Flow (mean) in the pancreaticoducdenal artery in- 
creased by 16% at 1 hour and again by 26% at 3 hours. 
Changes in the mean portal flow showed a similar pat- 
tern as that of the pancreaticoduodenal arterial flow. 
first increasing by 28% above the control value at 3( 
minutes, then falling off but rising again in the 
second hour and remaining above control levels through- 
out the period of observation. 3 

Bradykinin Levels during Pancreatitis. Bradykinin 
levels in systemic plasma and thoracic duct lymph are 
shown in Figure 3. Control bradykinin levels in the 
plasma of Group I were 1.0 ng/ml. (+ 0.3 SE), one hour 
later were 2.7 ng/ml: (+ 0.7 SE) and 3 hours were 4.9 
ng/ml. (+ 1.5 SE). The increment at 1 hour was not 
significant (p > 0.05), but was significant at 3 hours (p 
< 0.05). 

Bradykinin levels in Group II were measured. duting 
eight experiments. Control levels in plasma were 1.2 
ng/ml. (+ 0.5 SE mean), and at 1 and 3 hours were 3.1 
ng/ml. (+ 1.4 SE) and 5.1 ng/ml. (+ 1.8 SE) respec- 
tively. Again the increment was significant only at the 
third hour (p < 0.05). 

Bradykinin levels in lymph were measured only in 
Group IJ. Centrol bradykinin levels in lymph was 0.85 
ng/ml. (+ 0.2 SE) and at 1 and 3 hours were 2.0 ng/ml. 
(+ 0.7 SE) and 3.1 ng/ml. (+ 1.0 SE) respectively. 
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Only the increment at the third hour was significant 


{p < 0.05). 


The differences in levels between Group I and Group 
II were not significant. 


Discussion 


In this study, the mean arterial pressure decreased in 
both groups, significantly in the group of dogs given 
normal saline infusion (p < 0.01). According to Ander- 
son and associates, a significant alteration of systemic 
arterial pressure may be anticipated in experimental 
pancreatitis. 

Pancreaticoduodenal arterial and portal veno1s flow 
decreased after induction of pancreatitis in the group of 
dogs treated with normal saline. The flow in the pan- 
creaticoduodenal artery and in the portal vein however, 
increased in the group treated with plasma ex ander. 
Carey and Rogers? have shown that flow in the superior 
mesenteric and hepatic arteries was reduced ov=r a 4- 
hour period during acute experimental pancreati-is. 

Anderson and associates? indicated that splenchnic 
vasoconstriction compensated for the hypovolemia result- 
ing from acute pancreatitis. They also suggested that in- 
trahepatic vasodilatation and sinusoidal congestion vould 
increase resistance to flow through the liver during pan- 
creatitis. In the current experiments, the findings of 
previous investigators were confirmed in the group of 
dogs treated with normal saline. Wright and Goocherd*® 
have shown that the progression of edematous to hemor- 
thagic pancreatitis in experimental animals could be pre- 
vented by systemic treatment with certain agents sach as 
low molecular dextran, known to promote blood flow 
through the microcirculation. Gelin* reported thet low 
molecular weight dextran is capable of preventing and 
even reversing stasis in the microcirculation. Goodherd® 


` has shown that low molecular dextran exerts its bene- 


ficial effects not only by maintaining a normal cardiac 
output and plasma volume but probably, during paacrea- 
titis, also exerts a specific effect on the pancreatic micro- 
circulation by preventing the development of stasis and 
subsequent thrombosis. 

In the current series of experiments, the flow in the 
pancreaticoduodenal artery and portal vein, ic the 
group of dogs treated with plasma expander, incr2ased 
above normal throughout the 5-hour period of observa- 
tion. These findings confirm the observations of previous 
investigators”* 15 that low molecular weight dextran is 
useful in maintaining the splanchnic flow during experi- 


mental pancreatitis. 


In these experiments, a secondary sometimes tranzient, 
increase in blood flow was observed in both groups. This 
increment in flow is presumably a manifestation of local 
vascular dilatation in response to inflammation, Tha- and 
associate!?18 showed that a concentration of a vasoactive 
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Fic. 3. The changes in bradykinin levels (mean with SE mean) 
int plasma and lymph, before and after induction of pancreatitis. 


polypeptide in the blood was increased in acute pan- 
creatitis and the study of Ryan and colleagues® suggested 
that the release of bradykinin from damaged pancreatic 
cells may be one of the principle factors involved. A 
previous study in this laboratory® showed that kinin- 
forming enzyme was found in normal pancreatic juice. 

Popierates and Thompson® reported that bradykinin, 
released during the course of experimental acute pan- 
creatitis, is largely prodticed within the pancreas itself. 
The temporary increment in blood flow in our experi- 
ment may be the result of the direct action of bradykinin, 
released either from the damaged pancreas itself, or by 
the action of proteolytic or kinin-forming enzymes re- 
leased from the damaged pancreas. 

Bradykinin levels in systemic blood in this experiment 
increased significantly at 3 hours after the induction of 
pancreatitis in both groups (p < 0.05). No significant 
change of bradykinin levels in the thoracic duct lymph 
was observed during these experiments. In a previous 
study® a small amount of bradykinin and a large amount 
of kinin-forming enzymes were found in ascitic fluid col- 
lected 3 hours after induction of pancreatitis. The rela- 
tively small changé in bradykinin levels in thoracic duct 
lymph over 3 hours of observation did not rule out the 
role of absorption of kinin-forming enzyme from ascitic 
fluid in the production of hemodynamic changes during 
pancreatitis. The role of bradykinin and kinin-forming 
enzymes in ascites is not clear but they may have an 
important- role in hemodynamic change in acute pan- 
creatitis. 

These results suggest that the temporary iricrement of 
portal and paricreaticoduodenal blood flow observed 
after pancreatitis may be explained by the release of 
bradykinin either from the pancreas or from the systemic 
circulation. Although cardiac output and blood vol- 
ume studies were not monitored, the results suggest that 
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the improvement in blood flow after infusion of low 


molecular weight dextran as compared with saliné, may 
have been the result of improved peripheral blood flow. 14 


Summary 


. Acute pancreatitis was induced ' by intraductal injec- 
tion of autologous bile in dogs, The mean artérial prés- 
sure decreased soon after induction of pancreatitis. An 
infusion of 5% dextian in saline maintained the -nean 
arterial pressure better than did saline aloné. 

The flow in the pancreaticoduodenal artery and the 
portal vein decreased in the group treated with normal 
saline, but increased i in the group treated with p’asma 
expander, , 

Bradykinin levels in ali and lymph during pan- 
creatitis increased significantly 3 hours after induction: 
These changés were associated with increments in vortal 
and pancreaticoduodenal arterial flow. 
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Ferromagnetic Silicone Vascular Occlusion: 


A Technic for Selective Infarction of Tumors and Organs 


sultant tumor infarction offers an additional! method 
of treating certain well localized neoplasms.!* However, 
infarction will occur only if the entire intraparenchymal 
tumor vascular bed is occluded,®!* thereby obliterating 
all feeding vessels to the tumor. In 1972 Rand and Mosso?’ 
presented a preliminary report on experimental ferrosili- 
cone vascular occlusion in the magnetic field generated 
by a superconducting electromagnet. The concept of 
developing such a superconducting magnet for medical 
application originated in September of 1967 by one of us 
(RWR). The powerful magnetic fields generated by 
this magnet made the technic feasible. 

The technic for selective vascular occlusion bv direct 
injection of a ferrosilicone preparation under magnetic 
control has been further evaluated in experimental ani- 
mals. Injected in liquid form through angiographic 
catheters, the ferrosilicone material fills the vascular bed 
of the target structure and is held in place by an external 
magnetic field until vulcanization to a solid form oc- 
curs within a few minutes. In this study, peripheral 
arteries and the vascular bed of kidneys in dogs have 
been successfully occluded by this technic. No adverse 
effects to the intravascular ferrosilicone compound were 
detected in toxicity studies. 


p OCCLUSION of tumor blood vessels with re- 


Materials and Methods 


Dimethylpolysiloxane (Dow Corning Silastic 382° ) is a 
Medical Grade liquid silicone preparation which, in the 
presence of a catalyst (stannous octoate), undergoes 
vulcanization to solid rubber form; the speed of vul- 
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canization can be controlled by varying the catalvst con- 
centration. Silastic 382 is an inert, non-toxic and heat 
stable silicone which can be gas sterilized.? 47:19.20 

Silastic 382, which is too viscous for injection through 
angiographic catheters, is diluted 50% with Medical 
Grade Dow Corning Silicone Fluid 360. This permits 
injection through 20 gauge needles or catheters of .034 
ID in lengths up to several feet. 

Microspheres of carbonyl iron are added to the dilute 
silicone to provide a means of controlling the mixture 
via an external magnetic field. Generally 1 Gm. of iron is 
added to 15 ml. of silicone and is dispersed homogene- 
ously into a colloid-like suspension by thorough mixing. 
The iron microspheres are not significantly separated 
from the silicone material by the powerful magnetic field 
used in the experimental studies. 

A vulcanization time of 30 minutes and a workable time 
of 10 to 15 minutes, suitable for injection through long 
catheters, was provided by addition of two drops of 
stannous octoate catalyst to 15 ml. of ferrosilicone. Vul- 
canization occurs without transfer of heat!’ and is tempe- 
ture sensitive, occurring slightly faster at body tempera- 
ture than room temperature. 

In early acute studies, the renal and distal femoral 
arteries of dogs under general anesthesia were selectively 
catheterized with standard angiographic technics. After a 
preliminary angiogram was obtained, a polyethylene 
inner catheter was inserted into the large guide catheter 
until the inner catheter tip was visible distal to the guide 
catheter. At this point the head of the superconducting 
electromagnet is placed adjacent to the skin of the ani- 
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Fic. 1. Arteriogram 2 weeks after occlusion of a branch of the 
femoral artery with ferrosilicone in a dog. Arrows indicate Jength 
of occluded segment. 


mal as close as possible to the target organ, and the 
magnetic field is turned on to the appropriate strength. 
Catalyst is then added to the ferrosilicone material, and 
after mixing for 30 seconds the mixture is drawn into a 
syringe and slowly injected through the inner catheter 
with a mechanical injection pump. Injection volumes of 
1-3 ml. were usually adequate to occlude the renal 
arterial system or selected peripheral arteries in dogs. 
The remaining uninjected ferrosilicone mixture is used 
to monitor the time of vulcanization; when the uninjected 
material has solidified, the magnetic field can safely be 
turned off. The inner catheter is then easily pulled free 
of the solid bolus of silicone within the vessel and re- 
moved, Repeat arteriography to evaluate the extent 
of vascular occlusion is performed via the remaining 
guide catheter. 

The same technic was used in chronic anima! studies 
to evaluate possible systemic toxicity and the long-term 
effects of the intravascular ferrosilicone on the local tis- 
sues. In two dogs kept for 6 weeks, and in four dogs kept 
for 3 months following silicone injection, serum chemical, 
hematologic, and urinanalytic studies were done at bi- 
weekly intervals. Complete autopsies were performed 
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at time of sacrifice with gross and histologic examination 
of all organs, as well as the involved vessels. 


Results 
Selective Vascular Occlusion 


In early animal studies, the ferrosilicone mixture was 
injected via catheters or direct needle puncture into the 
proximal femoral artery. It was found that conventional 
electromagnets were not powerful enough to prevent 
downstream embolization of the ferrosilicone. The mass 
of iron is so small that an extremely powerful magnetic 
field is required to restrain the bolus against the force 
of arterial blood flow. When the powerful superconduct- 
ing electromagnet became available, it was possible to re- 
strain the bolus of ferrosilicone within the desired vessel 
by placing the magnet head adjacent to the overlying 
skin, Figure 1 demonstrates a typical result in which a 
segment of a proximal branch of the femoral artery was 
occluded with ferrosilicone. The angiographic interpreta- 
tion was confirmed at necropsy 6 weeks later where the 
vessel was found to be occluded by ferrosilicone over a 
distance of several centimeters, but distal to the ferro- 
silicone the vessel was patent and filled by collaterals. 
Thus the magnet prevented distal embolization during 
the vulcanization period within a large caliber artery. 

Following vulcanization the continuous ferrosilicone 
bolus is held in position by branching vessels and curves 
in the course of the parent vessel (Figure 2). The bolus, 
because of its silicone component, is not wettable and 
will not initially adhere to vessel walls. The iron com- 
ponent, however, is known to incite a local granulomatous 
reaction after a period of time,'? and this may even- 
tually produce direct cohesion of the bolus with the 
vessel, Clot formation and organization may occur 
proximal and distal to the ferrosilicone bolus in areas 
of decreased flow. 

Although we do not anticipate clinical application for 
occlusion of long portions of peripheral arteries, the 
capacity for the ferrosilicone-electromagnet system to 
confine an artificial “embolus” to selected arterial vessels 
suggests that the technic would permit occlusion of the 
high flow vessels of angiomatous malformations with 
little risk of distal embolization through arteriovenous 
shunts. 


Organ Infarction 

The dog kidney was initially chosen as a model for 
localized neoplasms with a discrete blood supply in 
humans. The renal artery was selectively catheterized 
and a bolus of 2-3 ml. of ferrosilicone injected into the 
vessel, with the magnet head at the dog's flank. As 
Figure 3 illustrates, in one case one of two renal arteries 
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was injected with ferrosilicone, resulting in selective 
infarction of the upper pole of the kidney. Three 
months postinjection, the superior pole of this kidney 
was shrunken and scarred (Fig. 4), while the lower 
pole appeared normal. Ferrosilicone was found filling the 
distal portion of the superior renal artery and its arterial 
branches. 

Histologic studies ( Fig. 5) demonstrated that the ferro- 
silicone material reaches terminal arterioles and some 
capillary vessels prior to vulcanization. A sharp demarca- 
tion is apparent between the sclerotic, infarcted por- 
tion of the kidney in the distribution of the occluded 
vessels, and adjacent normal renal tissue supplied by 
the inferior renal artery. 

There has been no evidence in any animals of retro- 
grade embolization of the ferrosilicone bolus into the 
aorta or its branches since we began using the super- 
conducting magnet. Similarly, no ferrosilicone was 
found at necropsy in the venous system or lungs. In 
several animals in which less powerful electromagnets 
were used, portions of the ferrosilicone embolized in a 
retrograde manner into the aorta and mesenteric arteries, 


Toxicity Studies 
Local Reaction 


It was difficult to retain the ferrosilicone material 
through the course of histologic sectioning and staining 
in large caliber arteries because of its rubbery nature 
and chemical structure. In the few instances where the 
vessel intima and ferrosilicone bolus remained intact 
through processing, minimal if any intimal inflammatory 
reaction or proliferation occurred. There was no reaction 
within the vessel walls themselves. However, in nearly 
all instances, a mild to moderate chronic reaction was 
present in tissues surrounding the vessel containing 
ferrosilicone. This generally consisted of perivascular 
granulation and fibrosis with a few chronic inflammatory 





Fic, 2. A portion of a peripheral artery containing vulcanized 
ferrosilicone. In the liquid phase, the ferrosilicone fills all terminal 
branching vessels. Millimeter scale retouched. 
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Fic. 3. Arteriogram 4 weeks after complete occlusion of superior 
renal artery with ferrosilicone in a dog with double renal arteries. 
The inferior renal artery and lower pole of the kidney appear 
normal, The superior pole of the kidney is shrunken and radio- 
paque ferrosilicone is visible in the renal medulla. 


cells (Figs. 5 and 6). Phagocytosis of the ferrosilicone 
material was not observed. The granulation reaction was 
restricted to tissue immediately adjacent to the vessel 
and was rarely apparent to gross inspection of the 
tissues. Although a portion of the tissue reaction ray 
have been due to local ischemia in the area of vessel 
occlusion, it is more likely a result of mild irritative 
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Fic. 4. Kidney with superior renal artery of dog from Figure 3. 
Distal portion of renal artery is distended with ferrosilicone cast. 
Superior pole of kidney is shrunken and infarcted. 


effects of the iron microspheres? and silicone.’ Infection 
was not seen in or adjacent to any of the occluded vessels. 


Systemic Effects 


Two animals were observed for 6 weeks, and fəur 
animals for 3 months following ferrosilicone inject on 
into peripheral femoral vessels and one kidney. Several 
of the animals developed evidence of ischemia in he 
appropriate hind limb. This was transient in all but ene 
animal (Dog E) in which local skin infarction «nd 
sloughing occurred in the distribution of the occluced 
vessel. At termination of the study dog B became ill with 
a pneumonitis of a bacterial type (confirmed at autopsy). 
All of the dogs appeared well following ferrosilicene 
injections and exhibited normal activity, feeding, &c., 
with these exceptions noted. 

Complete general autopsies were performed on all six 
animals. In all cases, the ferrosilicone bolus was confirmed 
to the target vessel. There were no ferrosilicone emboli 
in the remainder of the vascular system. The lungs show 
no evidence of embolization. The remainder of he 
autopsy showed no abnormalities in any organ system, 
to gross or microscopic examination, except as no ed 
above. 
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Of particular interest was the absence of detectable 
peritoneal reaction to the partial or complete infarction 
of one kidney. Kidneys of dogs in which the renal artery 
had been occluded were shrunken and scarred. Peri- 
toneal reaction at time of autopsy was not detected. 


Serum Chemistry 


Serum BUN, SGOT, SGPT and alkaline phosphatase 
studies were done prior to operation and at 2-week 
intervals following injection for a total of 6 weeks in 
two dogs and 3 months in four dogs. These studies re- 
mained normal throughout the course of experiments in 
all animals with the exception of one dog. (Dog B). This 
animal developed a bacterial pneumonitis, which was 
associated with mild, transient elevations of all serum 
chemistries (BUN—35 mg./100 ml., SGOT—52 sigma 
units, SGPT—46 sig., alkaline phosphatase—3.2 sig. ). 


Hematologic Studies 


Hematologic studies on peripheral blood were done 
prior to and following injection in the six dogs according 
to the above schedule. The studies included hemoglobin, 
hematocrit, white and red blood cell counts, differ- 
ential white cell counts and platelet counts. As with the 
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serum chemistries, these studies were norma for the 
duration of the experiments, with the exception of dog B. 
This animal developed a mild anemia (Hbg. -2.6 mg./ 
100 ml., Het. 33%) and a polymorphonuclear leuko- 
cytosis coincident with the development of preumonia. 

Serum blood iron determinations at the time of 
sacrifice were normal in each animal. 

Bone marrow specimens were obtained from each 
animal prior to sacrifice, and the marrow smears and sec- 
tions were evaluated by a hematologist.* Cellularity, 
cell morphology and distribution were normal “or all the 
hematopoietic elements in four dogs. The marrew of dog 
B. exhibited a “left” shift in the myeloid cells suggesting 
a “reactive” marrow, an expected response to the 
pneumonitis; cellularity and cell morphology were nor- 
mal. The marrow of dog E exhibited an urexplained 
hypocellularity although cell morphology anc distribu- 


tion were normal. 


Urinalysis 


Urinalyses done on the time schedule “or blood 
studies included specific gravity, determinaticms of pH, 
glucose, acetone, protein and bilirubin, and microscopic 
examination of the urinary sediment. These studies were 
normal in all animals with the exception of transient 
bacteriureas and cellular elevations, probably related 
to the catheterizations. 


Discussion 


Certain neoplasms and angiomas, althougn well lo- 
calized, may not be amenable to current modes of 
surgical therapy for a variety of reasons. Resection may 
not be advisable because the lesion involves ~ital struc- 
tures, as in certain tumors of the head and neck, or may 
entail excessive risk because of extreme and rapid blood 
loss, as in angiofibromas. Irradiation therapy and chemo- 
therapeutic agents are not very effective in slewly grow- 
ing neoplasms, or in lesions composed of large. abnormal 
blood vessels. Some patients refuse one or more of these 
modes of therapy. 

An alternative method of treating these localized 
angiomas and vascular neoplasms is by selective occlu- 
sion of their blood supply, with resultant tumor infarc- 
tion. To be effective, such a technic must ob iterate the 
entire intraparenchymatous vascular bed of the lesion. 
Occlusion of individual feeding arteries vill merely 
result in hypertrophy of other feeding vessels and de- 
velopment of collateral vessels to the parenchymal 
vascular bed. 

Embolization of silicone as described by Doppmann® 
offered a means of obliterating the entire intraparenchy- 





* Charles G. Craddock, M.D., Professor, Department of Medi- 
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Fic. 6. Perivascular granulation and fibrosis adjacent to a medium 
caliber peripheral artery which was occluded with ferrosilicone. 
Intravascular ferrosilicone was lost in processing. 


matous vascular bed of an organ (or tumor), for the 
fluid silicone fills all the branching and terminal vessels 
prior to vulcanization to the solid form. However, the risk 
of undesirable embolization of the fluid silicone into local 
arteries,!®17 or via arteriovenous shunts to the lungs, is 
significant. This was demonstrated in several animals in 
which we injected ferrosilicone into renal and peripheral 
arteries under “control” of standard electromagnets. The 
magnetic field was insufficient to retain the ferrosilicone, 
which flowed downstream in peripheral vessels, and 
retrograde in renal vessels into the aorta. 

The use of iron microspheres and the powerful mag- 
netic fields generated by the superconducting electro- 
magnet system provides a means of controlling the fluid 
silicone and confining it to the target vessels. With this 
technic we have been able to selectively occlude all or 
a portion of the blood supply to dog kidneys, and to 
occlude large, proximal peripheral arteries without un- 
desired distant embolization. This suggests that angiomas, 
as well as certain neoplasms, may be treated successfully 
with this technic without risk of embolization through 
arteriovenous shunts. 

Silicone as prosthetic material has been found to have 
less toxicity than virtually any other foreign material 
placed in the body. Extensive experimental studies 
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have been performed to evaluate the local and systemic 
responses to solid silicone rubber, or to injected fluid 
silicone plus catalyst with in vivo vulcanization. With- 
out exception, experimental studies have shown that 
there is no histologically apparent inflammatory response 
to the silicone and catalyst injected subcutaneoushy**” 
10,20 or into arterial vessels* in a variety of animal 
species. Nor is there any detectable antibody response 
to subcutaneous injection of catalyzed silicone,’* which 
apparently does not elicit an immunologic response. 

Solid silicone prostheses have been used without 
systemic or local reaction in an estimated 100,000 pa- 
tients with ventriculovascular shunts,+!3 as well as in 
plastic surgery,?#.°71° orthopedic surgery," and 
cardiovascular surgery.”'"® 

Thus, injectable Medical Grade silicone plus starmous 
octoate catalyst with in vivo vulcanization is essentially 
histologically inert, is not phagocytized nor metabolized, 
and has no antigenic or carcinogenic properties in 
animal studies.?:®71!12.20 However, it has not had FDA 
approval for routine clinical use and at present is cer- 
tified only for limited clinical investigations involving 
subcutaneous injections. 

The current studies have demonstrated that intra- 
vascular injection of liquid ferrosilicone plus catalyst with 
in vivo vulcanization induces only a mild perivaseular 
granulation reaction, No systemic toxicity was evidenced 
by animal behavior, autopsy, or in studies of serum 
chemistries, peripheral blood, urine, or bone marrow. 

Transcatheter injection of fluid ferrosilicone with sub- 
sequent intravascular vulcanization under superconcuct- 
ing magnetic control appears to offer an effective, safe 
means of occluding the parenchymal vascular beds of 
organs, vascular tumors and angiomas, with resultant in- 
farction. In well selected lesions, this technic may be an 
important adjunct to conventional therapy. 


Summary 


A technic is described for occlusion of intraparenchymal 
vascular beds of organs and tumors by injection of a 
ferrosilicone mixture with intravascular vulcanization, 
under control of a superconducting electromagnet. 
Transcatheter injection of the material has resulted 
in selective occlusion of dog renal vascular beds and 
peripheral arteries. A mild local perivascular inflamma- 
tory-granulation reaction occurs around occluded vessels; 
no systemic toxicity was demonstrated by animal be- 
havior, autopsy, or in studies of peripheral blood, bone 
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marrow, urine, or serum chemistries. Application of this 
technic to the treatment of certain hypervascular neo- 
plasms and angiomas is discussed. 
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Role of Hepatic Bile Composition in 
Gallstone Formation in Baboons 


CHARLES K. McSHERRY, M.D., KEVIN P. MORRISSEY, M.D., 


N CONSIDERATION of the mechanisms of caclesterol 
I gallstone formation, it has been postulated that the 
initial phase involves the hepatic producticn of an 
abnormal bile, i.e. one supersaturated with cholesterol. 
Support for this hypothesis was advanced by Small and 
Rapo” in 1970. These investigators studied the choles- 
terol, phospholipid and bile salt content of simultane- 
ously obtained samples of gallbladder and hepatic bile 
from Southwest American Indians who were operated 
upon for calculous biliary tract disease. When the mean 
relative lipid composition of the gallbladder and hepatic 
bile samples were plotted on triangular coordinates, 
there was a significant difference in the solubility of 
cholesterol in gallbladder compared to hepate bile. In 


. gallbladder bile, cholesterol was present in a saturated 
_ state whereas in hepatic bile it was supersatcrated. On 


the basis of this observation it was concluded that in 


S 


patients with cholesterol gallstones, the liver produced 
an abnormal bile containing an excessive smount of 
cholesterol. 

In 1970, the authors? reported the natural occurrence 
of cholesterol gallstones in baboons, Subsequent investi- 
gations have established that the lipid composition of 
gallbladder and hepatic bile in these animals was 
identical to that reported for human bile® Further 
studies revealed that hepatic bile obtained from baboons 
varies in composition throughout the day,® end several 
reports have confirmed a similar occurrence in man.?18 
Additional support for this view can be derived from 
the finding that early morning bile obtained after over- 
night fasting in normal individuals as well as those with 
cholelithiasis is supersaturated with cholesterol and thus 
subject to precipitation within the biliary tree. Alterna- 
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tively, it is possible that the variation in hepatic bile 
composition is unrelated to gallbladder emptying but 
represents an independent diurnal variation in choles- 
terol.5 Employing the baboon (Papio anubis and cyno- 
cephalus) as an experimental model, investigations 
have been performed in an effort to elucidate the role 
of cholesterol solubility in hepatic bile to gallstone for- 
mation. 


Lipid Composition of Bile 

Since 1969, the authors have studied the lipid com- 
position of bile in 54 adult female baboons at the Lab- 
oratory for Experimental Medicine and Surgery in 
Primates, Sterling Forest, New York. Of this group of 
animals, 40 were normal, nine pregnant and five had 
cholesterol cholelithiasis, Laparotomy was performed 
under fasting conditions and samples of bile were ob- 
tained simultaneously from the gallbladder and common 
hepatic duct. Bile samples were subsequently analyzed 
for cholesterol, phospholipid and bile salt content by 
methods previously reported.® 

In Figure 1, the mean relative lipid composition (+ 1 
SEM) of gallbladder and hepatic bile samples ob- 
tained from both the normal and gallstone forming 
animals are depicted. The zone of micellar solubility 
for cholesterol depicted on the triangular phase diagram 
has been adapted from the work of Admirand and 
Small.1 Recent data presented by Dam and Hegardt* 
and Holzbach et al.” suggest that the micellar zone is 
smaller than that described by Admirand and Small. 
It is evident that both groups of animals appear to 


670 





too 80 60 40 208 
\— o BILE SALT ———- 


NORMAL 
BABOONS 


BABOONS WITH 
CHOLELITHIASIS 


e GALLBLADDER BILE 
o HEPATIC BILE 





100 80 60 100 80 50 
% BILE SALT 


Fic. 1. The mean relative lipid composition of simultaneously 
obtained samples of gallbladder and hepatic bile from normal 
baboons and baboons with cholelithiasis. The complete triangle 
represents the three component systems of cholesterol, phospho- 
lipid and bile salt and the shaded area, the zone of micellar 
solubility for cholesterol. The mean lipid compositions are de- 
picted by circles and +1 standard error of the mean for each 
component by the length of the lines passing through the means. 
Analysis of single samples of hepatic bile obtained in the ae 
state reveal that both the normals as well as the baboons wi 
cholelithiasis excrete an hepatic bile supersaturated with cho- 
lesterol. 


produce an hepatic bile which is supersaturated w-th 
cholesterol. As anticipated, the cholesterol solubility in 
gallbladder bile from the normal animals was within 
the micellar zone, whereas in those animals with gell- 
stones, cholesterol was present in a saturated state. It is 
evident that one cannot distinguish those animals with 
gallstones from the normal animals on the basis of 
cholesterol solubility of single samples of hepatic bie. 

Factors Influencing the Chemical Composition of 
Hepatic Bile. In order to assess the role of the liver 
and the importance of cholesterol solubility in hepatic 
bile in relation to the pathogenesis of gallstones, addi- 
tional investigations were performed. An experimental 
model was utilized to study bile flow and composition 
over 24-hour periods and to evaluate the response bf 
hepatic bile composition to various stimuli. 

Four adult female baboons were trained to live for pro- 
longed periods in restraining chairs. Approximately 3 
to 4 weeks of progressive conditioning are required 
before the animals can be maintained without inter- 
ruption in the apparatus. When accustomed to the chaz, 
the baboons are operated upon and a permanent biliary 
fistula is created. The gallbladder is removed and a 
small T-tube (No. 8 F or 10 F) is sutured into the com- 
mon bile duct. The common duct distal to the T-tuke 
is divided and the ends sutured closed, The long limb 
of the T-tube exists through the abdominal wall via a 
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Fic. 2. Schematic diagram of the experimental model utilized to 
study hepatic bile volume and composition in the unanesthetized 
baboon. 


stab wound in the right upper quadrant. A malecot 
catheter is used to establish a gastrostomy in the left 
upper quadrant of the abdomen. Following recovery 
from anesthesia, the baboon is returned to the restrain- 
ing chair. Total bile flow may then be measured and 
aliquots of bile obtained for lipid analysis. To accomplish 
this, bile flow is directed through an electronic fraction 
collector of the type described by Berger, Redinger and 
Small? but modified by the authors (Fig. 2). This 
apparatus permits one to sample a predetermined per- 
centage of drops of bile while returning the remainder 
of the unsampled bile to the animal via the gastrostomy 
tube. The latter is effected by a radiofrequency level 
detector and an infusion pump. Bile production and 
composition have been studied in these animals for 
periods ranging from 75 to 90 days. 

Interrupted Enterohepatic Circulation. Following op- 
eration, each of three baboons was permitted to establish 
a steady state. This was achieved by sampling 5% of the 
daily bile output and measuring the bile salt content. 
From this data, the 24-hour hepatic secretion of bile 
and bile salt were calculated and the animals as- 
sumed to be in a steady state when minimal fluctuations 
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in these parameters were noted. From 4 to 9 deys were 
required to reach the steady state. In each of the ani- 
mals, the effect of 5, 10, 20 and 25% interruption of the 
enterohepatic circulation was studied in terms of 24-hour 
secretion by the liver into bile of cholesterol, phospho- 
lipid and bile salts. In addition, the total daily volume 
of hepatic bile was calculated. In all instanzes, the 
animals were permitted to return to the steady state 
prior to the initiation of any change in the per cent 
interruption of the enterohepatic circulation. 

In Figure 3, the results of graded interruptioa of the 
enterohepatic circulation are depicted. Phospholpid and 
bile salt secretion by the liver as well as hepatic bile 
volume appear to be maximal at 5% interrupticn. Cho- 
lesterol secretion, however, appears to be constant irre- 
spective of the per cent interruption of the enterohepatic 
circulation studied. The most remarkable aspec: of this 
study is the demonstration of the capacity of the liver 
to compensate for cholesterol, phospholipid nd bile 
salt secretion with up to 25% interruption of the entero- 
hepatic circulation. 

Effect of Food Intake on Bile Composition. This study 
was performed to determine the influence of ozal food 
intake on the volume and composition of hepatic bile. 
With the animals in a steady state as defined previously 
and with 5% of the hepatic bile diverted by tne elec- 
tronic fraction collector for measurement of bile vol- 
ume as well as lipid composition, each babcon was 
studied for two 24-hour periods. During the first day 
the animals were permitted only water ad lib. On the 
second day, solid food in the form of monkey chow and 
fruit was added to the diet. For the first 6 Lours of 
each 24-hour period, hepatic bile collectiors were 


- obtained at hourly intervals and thereafter at 2-hour 


intervals. When the volume of any single collection 


- proved insufficient for lipid analysis, it was pooled with 


the subsequent collection. 

The volume as well as the cholesterol, phossholipid 
and bile salt content of the hepatic bile was no- signifi- 
cantly altered by the addition of food to the diet of 
each of three baboons studied. Figure 4 illustrates the 
rather narrow range within which the lipid composition 
of hepatic bile fluctuated in one of the animals. Al- 
though not depicted, the results in the other two >aboons 
were similar. 

Effect of Estrogen on Hepatic Bile. For years cinicians 
have speculated on the causal relationship of pregnancy 
to cholestero] gallstone formation. Statistical studies 
however, have failed to establish conclusively that 
such a relationship does in fact exist. Previous reports 
have emphasized the enlargement, flaccidity amd poor 
contractility of the gallbladder during pregnancy.’® 
However, the potential effect of pregnancy on the com- 
position of hepatic bile has not been studied. 


HEPATIC BILE COMPOSITION IN GALLSTONES 
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CHOLESTEROL PHOSPHOLIPID BILE SALT VOLUME OF BILE 


Fic. 3. The effects of graded interruptions of the enterohepatic 
circulation on bile volume and lipid composition in the baboor. 
Hepatic compensation in terms of cholesterol, phospholipid and 
bile salt secretion is evident with up to 25% interruption of tha 
enterohepatic circulation. 


In the present investigations, the authors have failed 
to maintain pregnant baboons in the restraining ap- 
paratus for periods of time sufficient to study bile 
composition. Spontaneous abortions occurred in two 
baboons after 5 and 7 days respectively. However, 
studies of the effect of estrogen on bile flow and com- 
position were performed in three non-pregnant fe- 
male baboons. In each of these animals the volume of 
hepatic bile was measured every 2 hours and a 3 ml. 
aliquot removed and stored at 0°C for subsequent lipid 
analysis. The remainder of the hepatic bile was re- 
turned to the animal via the gastrostomy tube. During 
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Fic. 4. The cholesterol solubility and lipid composition of hepatic 
bile is unchanged following food ingestion. 


672 


® N=SEQUENTIAL ORDER OF HEPATIC BILE 
SAMPLES OBTAINED AT 2-HOUR INTERVALS 


BABOON w242 


CONJUGATED 
ESTROGENS 


207 CONTRCL 20 





86 70 t00 70 


90 
% BILE SALT 


90 0 
% BILE SALT 


Fic. 5. The intravenous administration of conjugated estrogens 
did not alter the cholesterol solubility or lipid composition of 
hepatic bile. 


this 48-hour control period the animals were per-nitted 
food and fluids ad lib. At the end of 48 hours, con- 
jugated estrogens (Premarin) 10 mg. was administered 
intravenously. Hepatic bile volume and comp>sition 
were monitored for the ensuing 48 hours as during the 
control period. 

In each of three baboons, hepatic bile volume cid not 
change in response to estrogen. In addition, no signifi- 
cant effect on the cholesterol, phospholipid or bile salt 
concentrations were evident (Fig. 5). 

Effect of Corticosteroid on Hepatic Bile. Corticcster- 
oids have been utilized in the treatment of a variety 
of inflammatory and autoimmune diseases of the liver 
for many years. Their effects on the volume and 
composition of hepatic bile in primates, however, rave 
not been well documented. 

In four baboons, 5% of the hepatic bile flow was col- 
lected for three consecutive 8-hour periods. The voume 
of each collecticn was measured and a 1.5 ml. eliquot 
removed. The aliquots from each 8-hour collection were 
pooled and analyzed for cholesterol, phospholipid and 
bile salts. The data thus provided the 24-hour vo-ume 
of hepatic bile production as well as the mean compo- 
sition of the principal lipid components. At the begin- 
ning of each subsequent 24-hour period for 5 days the 
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Fic, 6. The daily intramuscular injection of methylpreduisolone 
(40 mg.) for 5 days did not alter the lipid composition of 
hepatic bile. 
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baboons were injected with 40 mg. of methylpredniso- 
lone acetate and bile collections and analysis were 
continued as during the control period. 

Methylprednisolone exerted no significant effect on 
the volume or lipid composition of hepatic bile. In 
Figure 6 the mean lipid composition of the hepatic 
bile of one of the baboons is depicted for both the 
control period as well as the duration of steroid ad- 
ministration, 

Effect of the Instillation of Gallbladder Bile into the 
Gastrointestinal Tract on Hepatic Bile. In 1971, the 
authors? reported on the physiologic variations in the 
lipid composition of hepatic bile in baboons with an 
intact gallbladder. Following contraction of the 
gallbladder and reabsorption of the bile salt pool from 
the intestines, hepatic bile was characteristically under- 
saturated with cholesterol. After reabsorption of the 
bile salt pool and storage of bile in the gallbladder, 
hepatic bile was supersaturated with cholesterol. In 
some of these experiments, the gallbladder bile was 
instilled directly into the ileum and resulted in a 
prompt increase in bile salt secretion by the liver, 
usually within 30 minutes. These experiments were re- 
peated in the present animal model to determine the 
effect on hepatic bile composition of the instillation of 
gallbladder bile into the proximal gastrointestinal tract, 
ie. the stomach, and also to ascertain the response of 
the cholecystectomized animal. 

In each of three baboons maintained in the steady 
state, total hepatic bile drainage was collected for 
30 minutes. Seven ml. of pooled human gallblader bile 
containing cholesterol 2.2 mm/l, phospholipid 7.3 mm/] 
and bile salt 55.1 mm/l was then instilled as a bolus 
into the stomach via the gastrostomy tube. Hepatic 
bile collections were then continued at 30-minute inter- 
vals for 4 hcurs and 60-minute intervals for an addi- 
tional 4 hours. The animals were permitted water by 
mouth during the collection periods. 

In each of the three animals studied, cholesterol solu- 
bility in hepatic bile was increased (Fig. 7). In two 
of the animals, however, this increase was minimal and 
not achieved for 60 to 120 minutes after instillation of 
the gallbladder bile into the stomach. In the remaining 
animal, a prompt and significant increase in cholesterol 
solubility was achieved. These experiments suggest that 
bile salt absorption from the proximal small intestine 
occurs at a much slower rate than in the ileum. 
Significant dilution of the gallbladder bile by gastric 
juice and other intestinal fluids also may have con- 
tributed to the slow response of the hepatic bile. 

Effect of Sodium Taurocholate on Hepatic Bile Com- 
position. In order to study the effect of bile salt, indepen- 
dent of the other constituents of gallbladder bile, on the 
cholesterol solubility of hepatic bile, the above experi- 
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ments were repeated substituting sodium taurocholate 
for gallbladder bile. Four grams of taurocholate were 
dissolved in 100 ml. of saline and this soluion was 
instilled into the stomach. Hepatic bile volame and 
composition was monitored as described above. 

In each of three animals studied, a significant increase 
in the solubility of cholesterol in hepetic bile 
was achieved within 30 to 180 minutes (Fig. 8). The 
greater concentration of bile salt delivered to the 
enterohepatic circulation in the form of sodium tauro- 
cholate as compared to the lesser amount of bile salt 
present in gallbladder bile probably accounts for the 
more significant increase in the cholesterol solubility 
in hepatic bile observed in these experiments. 

Effect of Cholesterol Feeding on Hepatic Bile. In view 
of the decrease in cholesterol solubility in hepatic bile 
achieved by exogenous bile salt and the fact that the 
role of dietary cholesterol in the formation of gallstones 
is unknown, the following experiments were designed 
to elucidate the short-term effects of cholesterol] admin- 
istration on hepatic bile composition. In each of three 
baboons, maintained in the steady state with 5% in- 
terruption of the enterohepatic circulation, ckolesterol, 
1.5 Gm. was fed to the animals. Ten capsules, each 
containing 150 mg. of cholesterol, were concealed in 
the animals’ fruit. All of the animals were observed 
during the feeding to insure that all of the caolesterol 
was ingested. Hepatic bile samples were collected at 
hourly intervals over the ensuing 8-hour period. Each 
sample of hepatic bile contained 5% of the tofal hourly 
hepatic bile output. When the volume of tile for a 
collection period was insufficient for analysis, it was 
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pooled with the subsequent collection period. For the 
duration of the experiment, hepatic bile not collected for 
analysis was continuously returned to the animal via 
the gastrostomy tube. 

In each of the three animals cholesterol feeding had no 
discernible effect on the composition of hepatic bi-e. 
Figure 9 depicts the hepatic bile composition observed 
over the 8-hour duration of the experiment in one of 
the animals. 

Effect of Lecithin Feeding on Hepatic Bile. The role of 
lecithin in solubilizing bile cholesterol is well established. 
Although insoluble in water, this substance swells to 
form liquid crystals into which cholesterol is incorporated. 
These insoluble liquid crystals are then broken up by 
bile salts into small soluble aggregates, i.e. mixed micelles. 
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Fic. 9. The oral ingestion of cholesterol (1.5 Gm.) did not sig- 
nificantly alter the lipid composition of hepatic bile. 
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Fic. 10. Lecithin (500 mg.) by mouth had no effect on the 
cholesterol, phospholipid or bile salt content of hepatic bilz. 


The capacity of the mixed micelle to solubilize choles- 
terol is related to the relative amounts of both lecithin 
and bile salts. 

Vegetable lecithin, 500 mg., was fed to each of three 
baboons and the experimental protocol described above 
for the cholesterol feeding studies was utilized. Over 
the 8-hour period of observation, hepatic bile comp»si- 
tion remained relatively constant, indicating that in- 
gested lecithin failed to alter the solubility of cholesterol 
in hepatic bile (Fig. 10). 


Discussion 


Comparison of the mean lipid concentration and the 
degree of cholesterol saturation in the hepatic bile of 
both normal and gallstone forming baboons failed to 
disclose a significant difference between the two groups 
of animals. In the fasting state both groups produce 
an hepatic bile which is supersaturated with choles- 
terol. These data indicate that one cannot predict -he 
potential for gallstone formation on the basis of -he 
lipid content of a single sample of hepatic bile. 

The experiments described herein suggest that the lipid 
composition of hepatic bile in cholecystectomized >a- 
boons is relatively constant and fluctuates only within 
a comparatively narrow range. Furthermore, the lipid 
content and solubility of cholesterol in hepatic tile 
appears to be unaffected by feeding, hormonal manipu- 
lations and the oral intake of cholesterol or lecithin. In 
contrast, bile salts are readily absorbed by the gastro- 
intestinal tract and are promptly excreted by the 
liver into hepatic bile with a resultant increase in the 
solubility of cholesterol. 

It is of particular significance that in fasting animals 
with an intact gallbladder, the cholesterol solubility of 
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hepatic bile is usually outside of the micellar zone, i.e. 
supersaturated. In contrast, in the cholecystectomized 
baboon cholesterol solubility is almost always within 
the micellar zone and is unaffected by fasting or the 
ingestion of food. Boyer et al.’ recently reported on the 
lipid composition of hepatic bile in six patients who 
had undergone cholecystectomy for calculous disease. 
Hepatic bile samples were obtained from an indwelling 
T-tube. Utilizing the triangular coordinates proposed 
by Admirand and Small, the cholesterol solubility of 
hepatic bile was always within the micellar zone in 
three of the patients and only intermittently super- 
saturated in the remaining three patients. Shaffer et al.1 
have also reported on the hepatic bile composition of 
postcholecystectomy patients and concluded that it was 
indistinguishable from the hepatic bile of patients with- 
out gallstones. The authors concluded that in cholesterol 
gallstone disease, the gallbladder influences the liver 
to secrete a lithogenic bile, ie. bile supersaturated with 
cholesterol, and that after removal of the gallbladder, 
bile composition is restored to a normal pattern. 

The observations reported in this study suggest an 
alternate explanation for the change in cholesterol solu- 
bility in hepatic bile noted following cholecystectomy. 
There is evidence that in the baboon with an intact 
gallbladder there is episodic cycling of bile salts within 
the enterohepatic circulation which occurs as a con- 
sequence of intermittent contraction of the gallbladder. 
Thus one can distinguish hepatic bile secreted under 
basal conditions from that occurring under stimulated 
conditions. Basal bile flow is defined as the type of 
bile secreted by the liver after 90% of the bile salt 
pool has returned to the gallbladder. Stimulated bile 
flow occurs during the reabsorption from the intestines 
and secretion into bile of 90% of the bile salt pool. 
Basal hepatic bile composition can be characterized by 
having more cholesterol in solution than can be ac- 
counted for by micellar solubility. In contrast, stimu- 
lated hepatic bile is less than saturated with cholesterol. 
Following cholecystectomy, and therefore removal of a 
“reservoir” from the enterohepatic circulation, bile salt 
absorption from the gastrointestinal tract and secretion 
by the liver into bile is relatively constant. Consequently 
the solubility of cholesterol in hepatic bile fluctuates 
within a rather narrow range and the hepatic bile re- 
sembles that which we have defined as stimulated 
bile. 

These findings provide insight into the physiological 
mechanisms that prevent recurrent cholelithiasis fol- 
lowing cholecystectomy for cholesterol stones. Thus, if 
hepatic bile remained supersaturated with cholesterol 
in these individuals, a mechanism for recurrent stone 
formation would exist. It has been proposed?! that the 
bile salt pool may expand in individuals following 
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cholecystectomy thus decreasing the likelihood for the 
secretion of hepatice bile supersaturated with choles- 
terol. Data on bile salt pool size in individuals tefore and 
after cholecystectomy to support this view is awaited 
with interest. Our observations in the cholecystectomized 
baboon provide an alternative explanation. The re- 
moval of the gallbladder apparently results in a con- 
tinuous recirculation of the bile salt pool providing an 
hepatic bile of relatively consistent compositicn, almost 
invariably not supersaturated with cholesterol. The 
continuous recirculation following cholecystectomy is 
in contrast to the discontinuous or episodiz cycling 
of the bile salt in response to gallbladder contraction. 
Thus following cholecystectomy, the poss:bility of 
precipitation of cholesterol from supersaturated hepatic 
bile is lessened and the likelihood of recurrent stone 
formation reduced to a minimum. 

_ The observation that cholesterol solubility in hepatic 
bile is enhanced by the absorption of bile salt: from the 
gastrointestinal tract in the baboon lends additional 
experimental support to the efforts to attemp- the dis- 
solution of gallstones by bile salt administration. 


Summary 


The lipid composition of hepatic bile has been studied 
in both normal and gallstone forming babocns in an 
effort to evaluate the role of cholesterol solutility in 
the pathogenesis of cholesterol gallstones. Amalysis of 
the cholesterol, phospholipid and bile salt content of 
single samples of hepatic bile obtained under fasting 
conditions revealed that both groups of animals se- 


creted an hepatic bile which is supersaturated with : 


cholesterol. 

An experimental model to study hepatic bile fow and 
composition for prolonged periods of time in cholecys- 
tectomized animals has been employed. Food intake, 
estrogens, corticosteroid (methylprednisolone), and the 
oral ingestion of cholesterol and lecithin failec to exert 
a significant effect on the lipid composition cr choles- 
terol solubility of hepatic bile. Bile salt administration 
in the form of sodium taurocholate resulted :n an in- 
creased bile salt excretion by the liver into hepetic bile 
with concomitant increase in the solubility of cholesterol. 

Analysis of the hepatic bile composition in cholecys- 
tectomized animals revealed that cholesterol solubility 
was almost always within the micellar zone. In order 
to explain this observation, a distinction kas been 
made between basal and stimulated hepatic bile flow. 
Basal bile flow has been defined as the type of bile 
secreted by the liver after 90% of the bile salt pool 
has returned to the gallbladder. Stimulated bile flow 
occurs during the reabsorption from the intestines and 
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secretion into bile of 90% of the bile salt pool. In 
the former cholestercl is present in the supersaturated 
state whereas in the latter it is less than saturated. 
Following removal of the gallbladder, bile salt absorp- 
tion from the gastrointestinal tract and secretion by the 
liver into hepatice bile remains relatively constant and 
the lipid composition of hepatic bile most closely re- 
sembkles stimulated bile flow. The efficacy of cholecys- 
tectomy in interrupting the course of calculous biliary 
tract disease is explained on the basis of the change 
in hepatic bile How from alternating basal and stimulated 
bile How to a state of constant stimulated flow. 
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X eroradiography is a diagnostic radiologic metkod 
which has. proven to be an excellent modality for 
mammary examination. It is an important tool ir che 
detection of early and occult carcinoma and in <he 
evaluation of a clinically palpable mass. The concest of 
total patient care as practiced by our medical grcup 
allows for close follow-up of cases and accurate deter- 
mination of outcome in almost every instance. Our 
experience these past 17 months has confirmed th2 ex- 
cellence of mammary xeroradiography. 

The principle of xeroradiography was discoverel by 
Chester Carlson, a physicist and patent attorney, in 
1937. It was further developed by McMaster,? Hills? 
and others.** Recent technical improvements made by 
the Xerox Corporation have made the work consistent, 
reproducible, and automatic. No review of this subject 
would complete without crediting John N. Wolfe, M.D., 
Hutzel Hospital, Detroit, Michigan whose diligent efort 
made this technic feasible and available to all redi- 
ologists.1° 


Xeroradiographic Process 


Xeroradiography differs from conventional radiog- 
raphy in the substitution of a positively charged seleni- 
um-coated plate for X-ray film. The positively cherged 
plate is placed under the breast (or other pact of 
body to be examined) and is exposed to the convsn- 
tional X-ray beam. The charge pattern remaining on the 
plate after exposure corresponds to the various densi-ies 
in the breast, according to the amount of radiation 
absorbed. A negatively charged blue toner powder is 
dusted onto the plate, and the amount of <oner 
attracted to the plate is proportional to the residual 
charge pattern. This image is then transferred onto a 
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sheet of plastic-coated paper as a permanent record. 
The image is delivered from the machine in 90 seconds. 
Concurrently, the plate is brushed clean—all latent 
images are removed, and the plate is stored and made 
ready for recycle and reuse. The process is essentially 
automatic. 


Clinical Indications 


Indications for xeroradiographs included fibrocystic dis- 
ease, with or without pain, a dominant mass, nipple 
discharge, family history of mammary cancer, prior 
mastectomy and cancerophobia. 

In our first 17 months, October 1971—March 1973, 
utilizing xeroradiography instead of conventional film 
mammographs, we examined 4,183 cases. 

Three hundred and ninety-three of these patients 
subsequently underwent operation and of these, 133 
were found to have carcinoma of the breast. In our series 
of selected patients, greater than 3% had mammary 
cancer. The age distribution of our mammary carcinoma 
population is presented in Table 1. 

Eighty-one of the cancer patients had a dominant pal- 
pable mass: and were suspected of having possible 
mammary cancer. Forty-one (51%) of these patients 
were subsequently proved to have “positive” axillary 
nodes. 

Fifty-two occult carcinomas were demonstrated on 
xeroradiographs, These patients had no palpable mass 
or clinical evidence of primary mammary carcinoma. 
The indications for xeroradiography in this group in- 
cluded previous biopsv, postmastectomy check-up, ten- 
derness, multiple bilateral breast nodules, fibrocystic 
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TABLE 1. Age Distribution of Breast Carcinoma in this Series 


NUMBER OF CANCER CASES 





0 10 20 30 40 50 60 70 
NUMBER OF PATIENTS BY DECADES 


80 yrs. 


disease, and family history of cancer of the treast. Of 
these occult cases, 12 (22%) were subsequently proved 
axillary nodes. (Two patients with 
occult carcinoma had simple mastectomies because of 
associated medical problems. In these cases, ef course, 
axillary node involvement could not be assessed.) Our 
occult cancer pick-up rate was greater than 1:100 
our somewhat selected patients. Analysis of our cases 
is diagrammed in Tables 2 and 3. 

Seven of our patients had undergone mastectomy, 
two of whom had suspicious phy sical findings in the 
remaining breast which proved to represent carcinoma 
by xeroradiography and pathologic findings. Five post- 
mastectomy patients had no positive physica. findings 
but proved to have carcinoma by xeroradiogriphy and 
pathologic findings. 


to have “positive” 


Case Report 

Case 1. A 40-year-old woman had previous breast Fiopsies and 
then developed “nodules” in her left breast. Xercraciograph 
(Fig. 1) reveals benign fibroadenomata plus carcinoma calcifica- 
tions adjacent to benign lesion. This case demonstrates the value 
of preoperative xeroradiographic examination. 

Case 2. A 66-year-old woman clinically had on y bilateral 
benign fibrocystic changes. The superiority of xe 'rorad og: ‘aphy is 
evident here (Fig. 2A-E). 

Case 3. A 54-year-old woman had a mass beneath her left 


nipple associated with nipple retraction. This is a typical car- 
cinoma (Fig. 3A-D). 


TABLE 2. Cases: 17 Months of Breast Xeroradiography 


XERORADIOGRAPHY 
EXAMINATIONS 


SURGICAL-PATHOLOGICAL 
CORRELATIONS 


CARCINOMAS 


CLINICALLY SUSPICIOUS 
(51% POSITIVE AXILLARY NODES) 


OCCULT CARCINOMAS 
(22% POSITIVE NODES) 





XERORADIOGRAPHY 





TABLE 3. Carcinoma Analysis (133 Cases) 


81 CLINICALLY SUSPICIOUS CASES 


52 OCCULT CASES 


49% 
NO NODE 
INVOLVEMENT 
78% 
NO NODE 
INVOLVEMENT 


51% 
POSITIVE NODES 


22% 
POSITIVE NODES 


Interpretation of Results 


The substitution of xeroradiography for conven- 
tional mammography has significantly reduc ‘ed diagnostic 
errors. In this series of 4 183 patients exi mined by 
xeroradiography, 2% of the women w ho had suspicious 
findings by palpation were falsely reported benign. 
Using conv entional mammography in a previous series 
ee 2 000 patients, our error rate for “false negatives’ was 
12%. Similar analysis of benign lesions demonstrate s the 
superiority of xeroradiography. Most important, in our 
preceding series using film mammography, only four 
occult carcinomas were found. Fifty-two occult car- 
cinomas were demonstrated xeroradiographically this 
year. 

Nine errors in diagnosis—errors in not correctly di- 
agnosing carcinoma—were made during these first 17 
months, Four of these errors were misinterpretations 
of radiologically demonstrable masses. In two instances 
lesions that were clinically palpated in the me dial aspect 
of the breast were not demonstrated on the xeroradio- 
graph. (We now use a special xeroradiographic technic 
One pa- 





for demonstration of palpable medial lesions. ) 
tient with a strong family history but no physical evi- 
dence of carcinoma of the breast, had a suspicious 
asymmetry of breast tissue on xeroradiographs. Betore 
her requested follow-up study was to be performed, 
fast-growing mass developed, and at operation a small 
bans of intraductal carcinoma was demonstrated. Ex- 
perience has taught us that radiologists must read 
xeroradiographs on a regular basis in order to maintain 
high accuracy. 
Discussion 

At the Southern California Permanente Medical 
Group, we have an excellent opportunity for examina- 
tion, follow-up, and surgical-pathological correlation of 
mammary lesions examined by xeror adiography. 

We have confirmed the work of Dr. John Wolfe 
of Detroit, Michigan and Dr. John Martin of Houston, 
Texas, who have found that xeroradiography of the 
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Fic. 2A. Lateral film X ray interpreted as 
benign. 


Fic. 2C. Caudal film X ray interpreted as 
benign. 


breast is superior to conventional film mammography. 
Xeroradiography produces images of greater detail with 


good overall visualization of all breast structures. per- 
mits faster and more accurate readings, diminishes 


the time and effort needed to obtain a good X-ray 
study of the breast, and reduces the amount of irradia- 
tion necessary to obtain a satisfactory image. 

We have been surprised and encouraged by the 
number of occult cancers visualized by this method. and 
by the difference in the incidence of axillary metastases 
in this group as compared to those with clinically 
suspicious mammary masses (Table 3). 

We have devised a technic for preoperative localiza- 
tion of clustered calcifications in the patient without a 
mass. Strips of tiny plastic numbers are taped onte the 
patient's skin dorsally laterally, and rontine 
lateral and caudal views are obtained. 
rived information we have been better 
the surgeon to the involved segment of breast. Specimen 
xeroradiography may be utilize d to ensure that the 


and 
From this de- 
able to direct 


suspicious areas is resecte d. and using a marker in the 
specimen, we sometimes are able to direct the pathol- 
ogist’s attention to the specific area of concern. 


Summary and Conclusions 
1. Xeroradiography is an improved method of X-ray 
examination of the breast as evidenced in 4,183 pa- 
tients during a 17-month period (October 1971-—March 
1973). 

Xeroradiographs are more 
in several instances we have been able to prove the 
superiority of this technic by comparing conventional 
X-ray mammograms and xeroradiographs. 


easily interpreted, and 
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3». 2A Fic. 2C 


3. Non-palpable carcinomas of the breast are demon- 
strated xeroradiographically. The increaser number of 
“negative” axillary dissections in these occult cases 
is encouraging, and these patients will be part of an 
on-going llow: -up study or program. We may have a 
tool W hich will enable us to improve survival in car- 


cinoma of the breast. 
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A MINT SERS 


Fic. 2E 


Fic. 1, Lateral xeroradiograph (a) infil- 
trating ductal cancer invading benign 
fibroadenoma, (b) fibroadenoma with be- 
nign calcification and (c) benign cyst. 


Fic. 2(B). Lateral xeroradiograph. Arrow 
Ñndicates clustered malignant calcifications. 
*D) Caudal xeroradiograph. Arrow indi- 
cates clustered malignant calcifications. (E) 
Specimen xeroradiograph localizing a malig- 
nancy. Arrow indicates clustered calcifi- 
zations. 


Mic. 3. (A) Lateral xeroradiograph of left 

reast demonstrating infiltrating scirrhous 
zarcinoma with invasive mass, prominent 
luct pattern, skin thickening and nipple 
etraction. (B) Comparison view of nor- 
nal right breast. (C) Caudal xeroradio- 
sraph of malignant left breast. (D) Com- 
varison view of normal right breast. 


J 








ta 


Fic, 2D 








Fog 


Fic. 3C 


Letters to the Editor 


Dear Dr. Rhoads: 


At least twenty patients with multiple small intestinal 
ulcers and malabsorption have been reported im the 
literature. Some have been referred to as “non-#ranu- 
lomatous ulcerative ileojejunitis” (Goulston, et al.: Aust. 
Ann. Med. 14:57-64, 1965: Jeffries, et al.: Amer. J. Med. 
44:47-59, 1968; Monitz, et al.: Gastroenterology 60:96- 
102, 1971.). Others have well-documented celiac disease 
and the intestinal ulcerations seem to occur as a sequel 
to or in association with celiac disease (Bayless, ct al.: 
New Engl. J. Med. 276:996-1002, 1967). 

With only a few exceptions, the recurrent ulcerations 
have resulted in death followi ing perforation or obstruc- 
tion. Since these patients are very difficult ther rapeutic 
problems as well as diagnostic enigmas, it is important 
to keep a registry of information on these patients, 

I would be pleased to receive a dischar ge summary 
(or autopsy note) or a reference to places of publica- 
tion of case reports on any patient who has been thought 
to have this syndrome. We will keep a file on this in- 
formation and make it available upon request. If a 
publication seems justified, acknowledgement wll be 
given to each respondent. 

Sincerely yours, 

Theodore M. Bayless, M.D. 
Associate Professor of Medicine 
Johns Hopkins Hospital 
Baltimore, Maryland 21205 


Dear Dr. Rhoads: 


I would like to comment on the paper “Combined 
Caval and Portal Hypertension with Cirrhosis of the 
Liver: A Problem in Management” by Drs. W elling and 
McDermott (Annals of Surgery, 177:164, 1975). The 
authors state that the incidence of caval hypertension 
with portal hypertension is not known. However, this 
has been commented on indirectly, directly for a 
century. Articles related to this subject have appeared 
in Annals of Surgery (161:344, 1965 and 174:892, 1971). 

In 1911, Pleasants reviewed the causes of obstruction 
of the inferior vena cava and cited compression of the 
intrahepatic cava from cirrhosis as one of the causes 
(Johns Hopkins Hosp. Reports, 16:363, 1911). Jahnke, 
et al. demonstrated that the pressure in the abdominal 
cava could limit the degree of decompression following 
a portacaval shunt (Surg. Gynec. Obstet. 97:471, 1953). 
Failure of portacaval shunts due to intrahepatic com- 
pression of the vena cava was reported by Wantz and 
Payne (New Engl. J. Med., 265:721, 1961). In 1966, 


Mullane and Gliedman described the anatomic lesion 
responsible for the caval hypertension and related the 
caval pressure to features of portal hypertension (Sur- 
gery, 59:1135, 1966). In a subsequent paper, the sig- 
nificant relationship of abdominal caval to portal pres- 
sure was described (Arch. Surg., 101:363, 1970). 

In the last article, Mullane and Gliedman described 
83 patients with liver disease. The caval pressure was 
elevated in 87% of the patients with portal hypertension 
and the correlation between the two pressures was sig- 
nificant (p. < .CO1). The caval pressure was above 20.0 
cm. saline in 27 patients and above 30.0 cm. saline in 
two patients. The elevated caval pressures did limit the 
degree of portal decompression achieved but post-opera- 
tive bleeding was not a problem. 

Like Drs. Welling and Mc Dermott, we felt that the 
caval pressure should be measured prior to portacaval 
shunts, but also, that the caval pressure should be in- 
vestigated for its relationship to the hepatorenal syn- 
drome (Surgery, 66:368, 1969 and Ann. Surg., 174:892, 
1971); 

Sincerely yours, 

John F. Mullane, M.D., Ph.D. 

Chief, Department of Experimental 
Surgery 

Walter Reed Army Institute of Research 

Washington, D.C. 20012 


Dear Dr. Rhoads: 


Thank you for ca me a copy of the letter to you 
from Dr. Mullane. I am delighted to have the relevant 
articles called to y attention. Obviously, the level of 
hypertension is æ significant factor in the hemodynamics 
of portal systemic shunting. As Dr. Mullane has pointed 
out, almost a third of their patients had caval pressures 
of over 20.0 cm. of saline and this would be at the level 
which would seriously interfere with the effectiveness 
of portal decompression. Clearly, this problem which 
has escaped our attention in the past is a very significant 
one, and the publication of one or more article docu- 
menting this may contribute further to the previous 
work to which Dr. Mullane referred, by calling further 
attention to the importance of caval pressure in patients 
with cirrhosis., 

Sincerely yours, 

William V. McDermott, Jr., 
Department of Surgery 
Boston City Hospital 
Boston, Massachusetts 02118 


M.D. 
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atal Hernia 
: Maalox 


Maalox” relieves the symptoms of hiatal 
hernia by neutralizing gastric hyperacidity. It 
doesn’t constipate. And its taste is pleasant, 
nonfatiguing—all important considerations 
in the treatment of a long-term condition 
like hiatal hernia. 

In short, Maalox is the kind of antacid 
that makes symptomatic relief of hiatal 
hernia as decisive as its diagnosis. 


Maalox Suspension 


(M ia and Alumina Oral Suspension, Rorer) 
plastic bottle] and 12 fl. oz.). 


ox No.1 Tablets (046m) 
i. sugar and low in sodium. 


aalox No. 2 Tablets 0.8 cm) 


—the “chew” tablet with double antacid action. 
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Surgical nutrition— 
a case history: 


bowel inflammation, surgery 


Management of medical-surgical problems fre- 
quently requires a multifaceted approach—each 
facet contributing to the patiert’s outcome. The 
following case history demonstrates the allied 
roles of surgical management and sound nutri- 
tional support. 


The patient: A 22-year-old patient suffered four 
prolonged episodes of abdominal cramps, fre- 
quent loose stools and weight loss because of 
Crohn’s disease of the ileum and colon. Conser- 
vative management was unsuccessful. 


Surgical treatment: Subtotal colectomy, small 
bowel resection and ileosigmoidostomy were 
performed as well as drainage of a pelvic ab- 
scess and drainage of an ischiorectal abscess. 
A few days later, the ileum perforated proximal 
to the anastomosis and was exteriorized as an 
ileostomy and mucous fistula. 


Postsurgical course: The incision became in- 
fected. A colocutaneous fistula developed. Con- 


| ventional feedings caused severe abdominal 


cramps, ileostomy output of 3 te 5 liters per day, 
and profuse drainage from the mucous fistula. 
The wound showed no evidence of granulation. 
The patient developed fever, hypotension and 
tachycardia. 


Nutritional management: Over a four year pe- 
riod the patient’s nutritional status had deteri- 
orated. The GI disorders and subsequent surgery 
caused substantial loss of weight, both fat and 
body cell mass. The patient experienced chronic 
starvation and was unable to meet increased 
metabolic needs. The patient could not be main- 
tained on conventional diets. 


After correction of hypovolemia, I.V. hyperali- 
mentation was started. This was replaced 13 


_ days later with tube feedings of a high nitrogen 


elemental diet (using a #8 nasogastric tube) 





providing an average of 3350 calories and 2 
_ grams of nitrogen per day for the next 60 day: 


Outcome: Good surgical results, as evidence 
by closure of the colocutaneous fistula and re 
duced ileostomy output, was supported throug 


an improved nutritional state. The patient 
_ weight increased from 97 to 1072 pounds. Th 
| patient was discharged on a conventional lo 
residue diet supplemented with a standard el 
| mental diet. 


Nutrition to meet 
a Challenge 


Vivonex High Nitrogen and Vivonex Standar 
provide balanced elemental nutrition with n 
indigestible matter. 


Both consist entirely of the essential nutrient: 


_ pure amino acids, simple carbohydrates, viti 


mins, minerals and a small amount of essenti: 
fat... all rapidly and completely absorbed in tk 
upper small intestine. 


Both are free of whole protein, peptides an 
peptones...free of milk and milk by-product 


Vivonex High Nitrogen is the only oral hype 
alimentation. It helps restore positive nitroge 


_ balance; helps prevent protein wastage. 








Vivonex Standard is supplied in boxes containing s 
80-gram packets providing 1800 Calories, 5.88 gran 
of useable nitrogen (equivalent to 36.75 grams of us 
able protein) and a full day’s balanced nutrition. 
is now available unflavored (may be flavored to eac 
patient’s taste; ideal for tube feeding), and in the s 
original palatable flavors: Orange, Vanilla, Grap 
Chocolate, Strawberry, Beef Broth. 


Vivonex High Nitrogen is supplied in boxes containir 
ten 80-gram packets of unflavored water-soluble pov 
der providing 3000 Calories, 20 grams of useab 
nitrogen (equivalent to 125 grams of useable proteir 
and a full day’s balanced nutrition, including tl 
Recommended Daily Allowances of vitamins ar 
minerals. 


Please note: Information on Vivonex usage and pr 
cautions accompanies the product and should be r 
viewed before use. 


Standards for the new kind of nutrition 


VIVONEX STANDARD 


the original chemically defined elemental standard food/soluble powder 


VIVONEX HIGH NITROGEN 





the only chemically defined elemental high nitrogen food/soluble powder 


® Originators of chemically defined diets 
Eaton Laboratories 
division of Morton-Norwich Products, Inc. 
Norwich, New York 13815 
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Contemporary Medicine and Surgery 


Fontainebleau Hotel ANNUAL MEETING 


Miami Beach, Florida February 10-15, 1974 


Special Low Winter Rates for Early Registrants 


Lectures, Seminars, small group discussions and individual conferences with 
outstanding leaders in all areas of surgery. Panels and seminars pre- 
sented by 50 leading surgeons and the following distinguished moderators: 


CANCER—George Crile MD and Alfred Ketcham MD 

CARDIOVASCULAR SURGERY—Michael DeBakey MD 

GASTROINTESTINAL SURGERY—Owen Wangensteen MD—Lester Dragstedt MD 
HYPERALIMENTATION—Stanley Dudrick MD 

PANCREATIC SURGERY—S. Friesen MD, M. Gliedman MD, F. Merkel MD 
ANESTHESIA AND PAIN—Max Sadove MD 

TRANSPLANATION—Robert Riggio MD 

HAND SURGERY—Paul Brown MD 

FOOT SURGERY—Ralph Marcove MD 

ANTIBIOTICS—S. Levin MD, W. Quinby MD, L. Weinstein MD 


Guest Speakers: Alton Ochsner MD—Sir John Eccles 


February 10, 1974 
Special Sunday Session SPECIAL FEATURE a ee 
MEET THE EXPERTS and lectures 


on 
Plastic Surgery A. i 
Dynamic discussions of RORE TNE SORUM on Education of the A.M.A. 


particular interest to Daily Certificates of participation 
in continuing education issued. 


accredited by the Council 


ophthalmologists SMALL GROUP CONFERENCES 


otolaryngologists with leaders in surgery 
plastic surgeons 





A COMPREHENSIVE AND DYNAMIC PROGRAM IN 
CONTEMPORARY MEDICINE AND SURGERY 


REGISTRATION 
Dr Make check payable to: 
aa a a a ee eee American Society of 
City St. Contemporary Medicine and Surgery 


30 N. Michigan Ave. Rm. 1506 


Admission Fee: for Members: Chicago, Illinois 60602 


Before Nov. 15, 1973—-$100.00 
After Nov. 15, 1973—-$125.00 ; 
e able late E Membership Fee: $35.00 


Fee Refundable Until January 1, 1974 


orain aloscess 
or tumor?” 


IN ANY CASE... 
when nutritional 
supplementation 
IS INCICATEeC 

after surgery 





Tablets 


With balanced, high potency B-complex 
and C vitamins...No odor... 

Virtually no aftertaste...Lowest priced 
Rx formula. 


Please see complete product information, 
a summary of which follows: 


Each Berocca Tablet contains: 


Thiamine mononitrate (Vitamin B;)... saa TS mo 
Riboflavin (Vitamin Bo)............... sa Weng 
Pyridoxine HCI (Vitamin Bg)......... 5mg 
Niacinamide.......44..4.0..44. eee errs OOMOO 
Calcium pantothenate.............. ... 20mg 
Cyanocobalamin (Vitamin By2)............. 5meg 
POUNCACIG asus rienced ie ceecv ain oeeess SHG 
Ascorbic acid (VitaminC)............ 500 mg 


Berocca is therapy 








Indications: Nutritional supplementation in condi- 
tions in which water-soluble vitamins are required 
prophylactically or therapeutically. 


Warning: Not intended for treatment of pernicious 
anemia or other primary or secondary anemias. 
Neurologic involvement may develop or progress, 
despite temporary remission of anemia, in patients 
with pernicious anemia who receive more than 0.1 
mg of folic acid per day and who are inadequately 
treated with vitamin Bye. 


Dosage: 1 or 2 tablets daily, as indicated by 
clinical need. 


Available: In bottles of 100 and 500. 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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fixone vialofELASE 
iowder with 50 to 
00 mi. of sodium chlo- i 
ide solution and satu- . 
ate strips of fine-mesh gauze 

vith the ELASE/saline solution. 


k 


low gauze to dry in contact 

"th the lesion (approximately six 
eight hours). As the gauze dries, 

e necrotic tissues slough and 

ecome attached to the gauze mesh. 











Pack the ulcerated area with 
the ELASE-saturated gauze 
strips...making sure the satu- 
rated gauze remains in contact 
with the necrotic substrate. (If the 
lesion is covered with a heavy eschar, 
it must be removed surgically before — 
wet-to-dry debridement is begun.) 






Remove dried gauze. This 
mechanically debrides the 
area. Repeat wet-to-dry 
procedure three to four 
times daily since frequent 
dressing changes greatly 
enhance results. 

Note: After two, three, or four 
days of ELASE wet-to-dry 
dressings (depending onseverity 
of lesion), the area becomes free 
of necrotic material and starts to 
fill in with granulation tissue. 





the news Way 
wet-to-dry 
... Aebridement w: 
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Elase soluti 


(fibrinolysin and desoxyribonucl 
combined | bovine} ) 


INDICATIONS: Elase is indicated 
for topical debridement in general 
surgical wounds, ulcerative 
lesions, burns, circumcision and 
episiotomy, and in cervicitis and 
vaginitis. Elase is used as an irri- 
gating agent in infected wounds, 
otorhinolaryngologic wounds, and 
superficial hematomas (except 
when the hematoma is adjacent to 
or within adipose tissue). 


CONTRAINDICATIONS: Elase is 
contraindicated in individuals 
with a history of hypersensitivity 
reactions to any of the compo- 
nents. Elase is not recommended 
for parenteral use since the bovine 
fibrinolysin may be antigenic. 


PRECAUTIONS: The usual precau- 
tions against allergic reactions 
should be observed, particularly 
in persons with a history of sensi- 
tivity to materials of bovine origin 
or to mercury compounds. 

To be maximally effective, Elase 
solutions must be freshly pre- 
pared before use. The loss in 
activity is reduced by refrigera- 


PARKE-DAVIS 


tion; however, even when stored 
in a -efrigerator, the solution 
shou d not be used 24 hours or 
more after reconstitution. 


ADVERSE REACTIONS: Side 
effects attributable to the enzymes 
have not been a problem at the 
dose and for the indications 
recommended. With higher con- 
cent-ations, local hyperemia may 
be aside effect. 


HOW SUPPLIED: Elase (powder) 
is supplied dried in 30-cc. rubber- 
diaphragm-capped vials contain- 
ing <5 units (Loomis) of fibrinolysin 
and 15,000 units (modified 
Christensen method) of desoxyri- 
bonuclease with 0.1 mg. thimerosal 
(me-cury derivative). 

Elase Ointment is supplied in 
30-Gm. tubes containing 30 units 
(Loemis) of fibrinolysin and 
20,000 units of desoxyribonu- 
cleese with 0.12 mg. thimerosal 
and in 10-Gm. tubes containing 
10 Lnits of fibrinolysin and 6,666 
unitS of desoxyribonuclease with 
0.04 mg. thimerosal. 


Parke, Davis & Company, Detroit, Michigan 48232 


J 
pea 
a 
Cf 2 
pe 
—— JP 
CS; 





We sive you 
anedoe: & . 
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Harder and sharper than any chisel, osteotome or gouge 
you’ve ever used, a “Spartan Edge,” made of new cobalt 
chrome stainless steel. 


We are so confident that we'll re-sharpen the edge free 
of charge for 3 years if it becomes dulled in normal use. 


SPARTA INSTRUMENT CORPORATION 


305 FAIRFIELD AVENUE / FAIRFIELD, N.J. 07006 / (200 575-1344 
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rauma of harsh cathartic 





A 900-patient study* has demonstrated that 
bowel cleansing with a combination of Laxsil® aní 
orange juice, unlike purging with harsh cathartics 
results in “...a non-irritating watery stool... with- 
out electrolyte, protein or excessive fluid loss.” 

Evaluations of rectal smears taken from eact 
of the 900 patients to determine evidence of mucos 
trauma showed that 99% had a “good” to “excel- 
lent” response. The study showed that while the 
magnesium hydroxide component of Laxsil pro- 
vided gentle evacuation of solids, the inclusion of 
the simethicone in the formula overcame the visu: 
distortion normally caused by entrapped gas. 
Simethicone also prevented adherence of stool p: 
ticles to the bowel wall, eliminating the need for 
cleansing enemas. 

For non-injurious evacuation of the G.I. tract 
and to avoid visual distortion caused by entrappe: 
gas and adhesion of stool particles to the bowel 
wall, Laxsil with orange juice is clearly an improve 
method of preparing the G.I. tract for roentgenog- 
raphy. 


* Marks, M. M. and Mason, W. E.: Improved Methods of Preparing the 
Gastrointestinal Tract for Roentgenography. Abdominal! Surgery, 14 
Sept. 1972. 


an improved method of 


evacuating stool and gas 





ra liquid suspension. Available in 8 fl. oz. bottles. 


Laxsilticuic 


Each tablespoon (15 ml.) contains 1.25 gm. magnesium hydroxide 
N.F. and 100 mg. Jed lenis simethicone in a pleasantly flavored 


“SOOTHE WITHOUT 
SENSITIZING 


Tucks pads soothe and comfort two ways after 
anorectal surgery, with no potentially sensitizing 
“caine” type anesthetic. As a wipe, these soft 


cotton flannel pads gently, yet thoroughly cleanse 
as they soothe. As a cooling compress they relieve 
post-operative discomforts. And they can be used 
as often as needed with minimum risk of 
sensitization or over-treatment. 


The solution is 50% witch hazel and 10% glycerine, 
buffered to pH 4.6 to maintain the natural skin 
acid level. 


Trust Tucks for prompt relief of post-operative 
discomforts. And let your patients use them often. 
Send for a trial clinical supply on your Rx. 


*The Committee on Pre and Postoperative Care, American 
College of Surgeons Manual of Preoperative and 
Fostoperatıve Care. Second Edition W B Saunders Co 
Philadelphia. Pa 1. p. 423 


FULLER LABORATORIES, INC. 
Eden Prairie. Minnesota 55343 














ATLAS of 
GASTROINTESTINAL 
SURGERY 


KOMEI NAKAYAMA, M.D., Pro- 
fessor of Surgery, and Director 
of Institute of Gastroenterology, 
Tokyo Women’s Medical College 


Here is an atlas of exceptional surgical merit 
and surpassing beauty from a distinguished 
Japanese surgeon. Dr. Nakayama presents, in 
vivid, step-by-step fashion the surgical methods 
that have won him international acclaim. 


The author is a pioneer and a world leader in 
the field of esophageal surgery. One-third of 
his atlas is devoted to surgery of this type. It 
includes a description, in minute detail, of Dr. 
Nakayama’s reconstruction of the cervical esoph- 
agus using a revascularized segment of the 
bowel. In the remaining two-thirds of the 
atlas you'll find operations on the rest of the 
gastrointestinal tract plus the gall bladder, bile 
duct, liver, pancreas, and spleen. 


Surgical indications, pre- and postoperative care, 
and complications are described along with the 
surgical techniques. A beautiful section of the 
atlas contains large photographs of, and in- 
structions for the use of, Dr. Nakayama’s in- 
struments for small vessel anastomosis. 


649 Pages 1500 Illustrations 1969 $42.00 


J. B. Lippincott Company 


East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 


Atlas of Gastrointestinal Surgery... . $42.00 
rT AORTE on dah bso, cave Saath ead EA ten ded 
ADDRESS 06140 esas Seances abameues eee. 
GIET tatum a See See is Taking SS AE RA 
STATE aOR pihedaeeces Zip CODE: isiy 
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Direct visualization of the joints via arthroscopy has been shown to aid the surgeon in 
the identification and localization of pathology. This diagnostic technique previously re- 
quired general anesthesia and involved considerable trauma resulting from the incision 
necessary to admit the conventional, large diameter (10mm) viewing needle. 


The Dyonics Needlescope utilizes an extraordinarily thin (1.7mm) optical inserting needle 
made possible by the development of a patented, self-focusing rod lens. The special prop- 
erties of this lens allow visualization of a target very close to the tip as well as at a distance 
with a depth of focus 1.0mm to near infinity and a field of view of 55 degrees. No incision is 
required and the diagnostic procedure may be performed under local anesthesia. The Needle- 
scope ensemble shown below provides all the necessary components requisite to joint ar- 
throscopy, including a high intensity light source and fiber optic light guide for optimum 
illumination of the joint cavity. 





1. Cannula 4. Handle 7. Opticat Needle 10. Instrument Case 


2. Obturator 5. Trocar 8. Light Guide 11. Carrying Case 
3. Ocular Assembly 6. Biopsy Fcrceps 9. Light Source 12. Instruction Manual 


® 
aid 
RICHARDS MANUFACTURING COMPANY, INC. 
1450 BROOKS R3., MEMPHIS, TENN. 38116, A.C. 901 + 396-2121 
IN CANADA, RICHARDS SURGICAL LIMITED. 130 EAST DRIVE, BRAMALEA, ONTARIO, L6T 1C3, (416) 677-9744 
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Keflex 


cephalexin monohydrate 


a20%-30% 
-price reduction“ 
within 12 months 


«Reductions vary by dosage form 


-250-mg.' Pulvules” of cephalexin monohydrate 
reduced 24% 


-|denti-Dose® (unit dose medication, Lilly) 
reduced 19%-23% 


*Based on price reductions by Eli Lilly and Company 
{1973 equest. 


to distributors in 1972 and 19° | CZ, 


“I Additional information available 
«| tothe profession on re 
hy | 
Eli Lilly and Company 
tEquivalent to cephalexin = Indianapolis, Indiana 46206 








HERE Burns 





When parenteral analgesia 
is no longer required, 
Empirin Compound with 
Codeine usually provides the 
relief needed. 


HERE Sutures 





Empirin Compound with 
Codeine is effective for 
visceral as well as soft tissue 
pain—provides an antitussive 
bonus in addition to its 
prompt, predictable 
analgesia. 


ill prescribing convenience: 
up to 5 refills in6months, 
at your discretion (unless 
restricted by state law); by 


telephone order in many states. 


Empirin Compound with 
Codeine No. 3, codeine 
phosphate* 32.4 mg. (gr. Y2); 
No. 4, codeine phosphate* 
64.8 mg. (gr. 1).*Warning— 
may be habit-forming. Each 
tablet also contains: aspirin 
gr. 3¥2, phenacetin gr. 2%, 
caffeine gr. 1⁄2. 


tas an- Caten iaa a s 





heat Burroughs Wellcome Co. 
Research Triangle Park 


Healing nicely, 
- but it still 








a Nasal fac 


EMPIRIN 
COMPOUND 


¢ CODEINE 


#3, codeine phosphate* (32.4 mg.) gr. 1⁄2 
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a Microbicidal power 
A microbe oo mashi ar of BETADINE Surgical Scrub was 


paanan ae oN used in APOLLO 11/12/14 splashdowns 
O 





Golden microbicidal lather for 
optimal degerming of skin 


Selected by NASA for decontamination procedures in Apollo 11/12/14 lunar missions splashdowns, 
BETADINE Surgical Scrub offers outs-anding advantages for degerming the hands of the surgical team. 


Some scrubs are merely bacteriostatic. BETADINE Surgical Scrub is decisively microbicidal. 


Some scrubs inhibit mainly gram-posi ive bacteria. BETADINE Surgical Scrub kills both gram-positive 
and gram-negative bacteria. 


Some scrubs have a limited antibacterial action. BETADINE Surgical Scrub kills bacteria, fungi, 
viruses, protozoa, and yeasts. 


Some scrubs require repeated usage tor several days before achieving their full antibacterial effect. 
BETADINE Surgical Scrub is fully effective with each application. 


Use BETADINE Surgical Scrub for prompt, effective degerming action for operating personnel. 
BETADINE Surgical Scrub is virtually nonirritating. In the rare instance of local irritation or sensitivity, 
discontinue use in the individual. BETADINE Surgical Scrub does not stain the skin and natura! 

fabrics. Bibliography available on request. 


Purdue Frederick 
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THE SCOPE OF 
YOUR WAAGINATION 


SPARTA introduces its new microscope l 
for colposcopy, developed with the | 
assistance of Jose Enrique Torres, M.D." 


It is compact in size and mounted at 
the end of a horizontal arm instead of 
a vertical column, permitting a straight 
forward instrument approach to the 
cervix. No need to manipulate instru- 
ments around an upright center post. 


The microscope is easily positioned 
and can be moved completely in 
and out of the examining field with 
fingertip control. 





Maneuverability, 43X magnification, 


fiber-optic illumination and low cost— SPARTA 
the perfect combination for a new 
Write us for details. 


"ASSOCIATE PROFESSOR, OB-AGYN, LOUISIANA STATE UNIVERSITY MEDICAL CH ITER NEW ORLEANS LOUISIANA 











SPARTA INSTRUMENT CORPORATION 


305 FAIRFIELD AVENUE / FAIRFIELD, N.J. O07006 / (201 575-1344 


... how soon? Gloves can be a fatigue factor. That's why 
TRAVENOL is making TRIFLEX® surgeon’s gloves on a new 


y patented mold that makes a better fitting glove. 
There's built-in sensitivity in TRIFLEX soft-dipped latex. 
Matte finish means a higher co-efficient of friction. The outer 
glove surface is less slippery when wet, and it won't get tacky. 
PowderlN processing cures powder right onto the inside 
STRETCH THe surface. Try the dark suit powder demonstration test with your 
TRAVENOL representative. 
Each pair is packaged in a handy waterproof plastic 
tray with Tyvek* lid. A surgeon’s hands need all the 
help they can get. They need TRIFLEX surgeon's 
FATIGUE (u: 

Recognition for the independent thumb 

| The contour molded thumb means more freedom 


from strain and stress caused by restrictive 2-plane 
molded gloves. *® DuPont 





CAUTION: After donning, remove powder by wiping gloves 
thoroughly with a sterile wet sponge, sterile wet towel, or other 
effective method. 


TRAVENOL LABORATORIES, INC. 


Deerfield, Illinois 60015 





Now! Microbicidal power 
in convenient 


BETADINE “disposables 


BETADINE Antiseptic Gauze Pad 
BETADINE Solution Swabsticks 
BETADINE Solution Swab Aid 





BETADINE 
An® septic 
GAJZE PAD 
“Topo. Meennnentel Dressy 
CON Mathes TNE FAD 


BETADINE Antiseptic Gauze Pad 
Topical microbicidal dressing (3” x 9”) 
impregnated with the same active ingredient as in BETADINE 
Solution...for prevention and treatment of surface infections 
...degerming the skin and disinfecting wounds, turns, 
lacerations and abrasions. 
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BETADINE 
Solution Swabsticks 


Antiseptic applicator tips for | 

hard-to-reach smaller sites, in- | 

cluding folds and creases. Use for | 

degerming the skin prior to injec- 3 

tions, aspirations, surgery, uri- 

a cores tenon nary catheterization; in disinfection of skin 
Solution in minor wounds; in preoperative oral tissue 
eae degerming; preparing skin for dressing changes. 
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BETADINE 
Solution Swab Aid 


Small single-use antiseptic pad for prompt degerming of 
small skin areas prior to such procedures as injections, 
aspirations, catheterization and surgery .. . and in cuts, 
minor wounds, burns, lacerations and abrasio is 


RUS RE PRD 
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The Mechanism of Erythrocyte Destruction 


in the Early Post-Burn Period 


EDWARD C. LOEBL, M.D.,* CHARLES R. BAXTER, M.D., F.A.C.S.,7 


HE MECHANISMS responsible for the progressive 
T anemia occurring in the early post-burn period (first 
week) in both experimental burns and in patieats with 
major thermal injury have not been completely eluci- 
dated. Several factors may contribute to a significant 
reduction of the total red cell mass during this period. 
Thermal damage to erythrocytes at the time of injury, 
resulting in acute hemolysis and decreased survival of 
damaged erythrocytes as well as progressive sequestra- 
tion of circulating red cells in the wound dur ng the 
ensuing 45 to 60 hours, have been previously assumed 
to account for the early red cell destruction.® 12.1.15 16,18, 
20,23,27,30,35,36 

Several observations suggest that other factors may 
contribute significantly to this decreased erythrocvte sur- 
vival which occurs before the anemia produced by infec- 
tion and external blood loss is superimposed. Clinical 
studies measuring changes in the red cell mass during 
the first week post-burn suggest that the disappearance 
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of autologous or transfused red cells occurs at relatively 
equal rates throughout the first post-burn week.1!:!? 
The progressive deficit in red cell mass may be accom- 
panied by the appearance of multiple abnormal red 
cell forms in the peripheral blood.!15.?5.30-34 These changes 
in morphology, including microspherocytes, “budding” 
cells, burr cells and schistocytes, have been attributed 
to heat damage since similar changes are produced by 
in. vitro heating of whole blood.? 15.16.19.25 The reappear- 
ance of these abnormal red cells after exchange trans- 
fusion in burned patients® and the demonstration of 
identical morphologic changes in patients with extensive 
vascular endothelial damage,” intravascular clotting,®.’: 
“426 or in the presence of circulating macromole- 
cules,'°1617 suggested that a microangiopathic mech- 
anism might contribute significantly to the early post- 
burn anemia. 

This study was undertaken to ascertain the relative 
importance of the contributions of thermal damage to 
the red cells, continued sequestration of erythrocytes in 
the burn wound, and extracorpuscular factors in the 
genesis of early post-burn anemia. For this purpose, 
cross-over studies of Chromium®! labeled erythrocyte 
survival were carried out between patients with major 
thermal injury and non-burned individuals. In addition, 
the distribution and accumulation of radiochromate in 
liver, spleen, and burned and normal skin was monitored 
by external counting after injection of tagged erythro- 
cytes. 
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The data suggest that the severely shortened helt-life 
of Chromium?! labeled erythrocytes in burned _ pctients 
results neither from factors related to intrinsic demage 
to the red cells nor from progressive sequestration of 
erythrocytes in the burn wound. 


Materials and Methods 


Red cell survival (T%) was determined in all individu- 
als in this study by the modified method of Molliscn.!*:?” 
Twenty milliliters of whole blood collected by ven>punc- 
ture in A.C.D. Solution, special (Stromia) formule anti- 
coagulant (Abbott), was incubated for 15 minutes at 
37°C with 100 microcuries of sodium chromate Cr?! 
(Rachromate®! Abbott) with a resulting activity of 5 
microcuries per milliliter of whole blood. After the ad- 
dition of 50 mg. of sterile ascorbic acid (Cholat», Ab- 
bott), the specimens were refrigerated for 6-12 hours 
until ABO and Rh typing, routine cross-matching, Aus- 
tralia Antigen (HAA), and serology for syphilis (ART) 
could be completed on each donor and recipient. 

Ten milliliters of the radioactively tagged blooc were 
administered intravenously to compatible reci> ents. 
Blood was sampled daily for 5-7 days after injetion. 
One-half milliliter aliquots of the heparinized samples 
were counted in triplicate utilizing a Nuclear Chicago 
Gamma-Well Counter, Model No. 512/1024. The counts 
were corrected for hematocrit, plotted on semi-log paper, 
fitted to a straight line, and the T% calculated. 

All burned patients in the study had negativ: stool 
guaiac determinations, no evidence of external blocd loss, 
and exhibited no clinical or laboratory evidence of in- 
vasive infection (serial wound biopsies of 10° organisms 
or more per gram of burned tissue) during the study 
period. 

Tagged erythrocytes from non-burned donor: were 
studied in burned patients, the donors themselves, or 
other normal controls (Group I). Erythrocytes from 
burned patients were tagged and studied in beth the 
original donors and in non-burned recipients + Group 
II). External counting of the total body distribution of 
the injected radiochromate was done serially ir 9 pa- 
tients. 

Group I. Erythrocytes from 9 normal voluntee-s were 
utilized to determine the T% of Chromium! tagged 
erythrocytes in the 9 donors, 6 other normal volunteers 
and 13 burned patients with injuries ranging from 30% 
to 90% of the body surface (mean burn size = 57.0 + 
5.5% TBSA). The burned recipients were injected 1 to 
6 days post-injury, and whole blood aliquots were stud- 
ied daily for 5 to 7 subsequent days. 

Group II. Erythrocytes obtained from 14 burned pa- 
tients with burns of 20% to 80% of the body surface í mean 
burn size = 58.9 + 3.2 TBSA) were studied in normal 
volunteers. In 8 cases the patients’ cells were also re- 
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turned to the burned donor for determination of the 
autologous red cell survival. 

In 4 patients, erythrocytes were obtained on succes- 
sive post-burn days during the first post-burn week and 
their survival was determined in a different normal re- 
cipient for each post-burn day. 

In 9 burn patients who received Chromium’! tagged 
erythrocytes, the distribution of radioactivity was studied. 
Using a Picker X-Ray External Gamma Probe and Scalar 
(Model 2802E), daily surface counts over the precord- 
ium, liver, spleen, burn wound and normal skin were de- 
termined during the first week after injection of the 
labeled erythrocytes. After deduction of background 
counts, the radioactivity from each measured area was 
calculated as a percentage of the counts obtained from 
the precordial areas.” 


Results 


Table 1 shows the mean T% of normal erythrocytes in- 
jected into either the original donor or into another nor- 
mal recipient after labeling. There was no significant 
difference between the observed half-life in these two 
groups and they were combined to form a control group. 

Table 2 demonstrates the extent of injury of each pa- 
tient in Group I and the post-burn day on which the nor- 
mal cells were injected. Significantly shortened survival 
times were observed regardless of the post-burn day of 
injection. 

As noted in Table 3, the mean T% (6.3 + 1.1 days) of 
normal erythrocytes studied in burned patients was sig- 
nificantly shorter than the survival (22.2 + 2.3 days) of 
similar cells in normal recipients (P < 0.001). 

The half-life of red cells from burned patients (Group 
II) studied in normal recipients was 23.3 + 1.8 days 
(Table 4). The mean T% of these red cells in the 8 
burned donors was 7.5 + 1.2 days. This difference is sta- 
tistically significant (P < 0.001). The T% for autologous 
cells in the thermally injured patient (7.5 + 1.2 days ) 
was not significantly different from the half-life of nor- 
mal cells (6.3 = 1.1 days) studied in burned patients 
with comparable injuries (Group 1). 

Similarly, the half-life of red cells from burned pa- 
tients studied in normal individuals (23.3 + 1.8 days) 


TABLE 1. Control studies of normal erythrocytes in normal recip- 
ients, either the donors or other normal volunteers, and the 
combined control group. 


Crossed Combined 
Normal Normal Controls 

No. Recipients 9 6 15 
T2 Cr5l (z +S.E) 22.7426 215+4.9 22.2+23 


a 
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TABLE 2. The extent of injury and post-burn day of erythrocyte 
injection for each burned patient in Group I studied with normal 
erythrocytes. 








Patient % Burn Post-Burn Day 

No. of Injection Th 
1 30 4 12.4 

2 36 3 15.9 
3 36 3 4.7 
4 45 1 a 
5 45 5 2.6 
6 52 2 6.6 
7 55 3 7.7 
8 57 1 3.3 
9 60 6 7.4 
10 65 3 6.3 
11 85 5 5.1 
12 85 1 3 
13 90 1 < iy 


was not significantly different from that of normal cells 
injected into either their original donor or into another 
normal recipient (22.2 + 2.3 days). 

Table 5 shows the survival time of erythrocy-es from 
burned patients obtained on successive days following 
their injury, studied in unburned recipients. The re- 
sults suggest that a normal survival time in the unburned 
recipient is not dependent upon the post-burn day se- 
lected for study of erythrocyte survival. The red cell 
survival for the 5 post-burn days was remarkably con- 
stant. 

The daily mean distribution of gamma radiatien meas- 
ured from areas overlying the liver, spleen and multiple 
areas of the burn wound and normal skin, expressed as 
a percentage of precordial counts, is shown in Fig. 1. 
There were no significant differences between burned 
and normal skin areas. In addition, no accumu ation of 
radiation was observed in the burn wound. The counts 
from the liver were slightly greater than those trom the 
spleen, but the difference was not statistically significant. 


TABLE 3. The markedly reduced half-life of normal er throcytes 
studied in the burned individual is compared to cont-ol valves 


(Group I). 


Normal Recipient Burned Recipient 


Number 15 13 
(57+ 5.&6TBSA) 


T% Cr?! (X +S.E,) 22.2+23 6.3-1.1 
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TABLE 4. The normal half-life of erythrocytes from burned pa- 
tients, when studied in normal volunteers (G oup II), compared 
to the short autologous red cell half-life. 


Burn to Burn Burn to Normal 


Number 8 24 
(60.0 + 6.5% TBSA) (58.9 + 3.2% TBSA) 


T% Cr?! (K+ S.E.) 75+12 23.3+1.8 


Discussion 


The results of this study, which are summarized in 
Figure 2, challenge the concept that the progressive 
loss of red cell mass during the first week after thermal 
injury is caused by direct heat damage to cells or by 
progressive sequestration of erythrocytes in the burn 
wound after the first few hours post-burn. The equally 
severe decrease in half-life of the patients own erythro- 
cytes and that of normal cells injected after injury estab- 
lish the fact that heat injury which does not produce im- 
mediate hemolysis is of minor importance in the genesis 
of the early post-burn anemia. 

Equally important, the normal survival of erythrocytes 
from burned patients studied in normal recipients fur- 
ther implicates an extracorpuscular mechanism of de- 
struction. The lack of continued accumulation of radio- 
activity in the burn wound suggests that continued 
sequestration of red cells at the wound site is not a major 
cause of the increased destruction rates. 

The possibility that these observations were produced 
by artifacts of technique is unlikely. The discrepancy 
between the shortened autologous survival time of the 
patients’ erythrocytes and the normal survival of these 
cells when studied in normal recipients might conceiv- 
ably be produced by non-uniform tagging in vitro. This 
possibility was examined by studying the distribution 
of the radiochromate activity among the cells separated 
according to age, as recommened by Baar.’ The distri- 


TABLE 5. Erythrocytes attained from burned patients on succes- 
sive days following injury have a relatively constant half-life when 
studied in different normal re cipients. 


Days Post-Burn 1 2 3 d 5 


N 10 4 4 4 2 
T%Cr°' (x) 20.7 26.5 29.0 20.7 23.5 
S.D. 8.5 87 72 98 9.4 


DE, 27 48 38 49 6.7 
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bution of the Chromium”! tag was uniform between the 
“aged” and “young” cell populations. 

The shortened survival of tagged erythrocytes in the 
burned patient might occur as a result of an experding 
blood volume. A rapid increase in blood volume might 
produce an apparent decrease in Chromium®! hatlife. 
Plasma volume measurements performed in some of 
these patients as well as in a larger parallel series cocu- 
mented that total blood volume does not vary mor2 than 
+7% between the 24 hours post burn determinati and 
that measured one week after injury.*” 

The precise mechanism responsible for the reversibil- 
ity of the shortened survival of erythrocytes from hwned 
patients was not completely ascertained in this study. The 
results suggest that abnormalities within the circi lating 
plasma are the most probable contributing factors ells 
damaged by passage over rough endothelial str-aces 
should exhibit evidence of anatomic damage by some 
shortening of their half-life when studied in normel re- 
cipients. 

Such an extrinsic defect producing decreased ery-hro- 
cyte survival might suggest an autoimmune mech amism. 
The previous study of Vertal®? and associates, however, 
demonstrated no evidence for autoimmune phenemena 
in a large series of burn patients studied serially with 
direct and indirect Coombs’ testing. Furthermore. the 
relatively equal distribution of radioactivity betwee liver 
and spleen demonstrated in the present study is nct con- 
sistent with the selective splenic sequestration usally 
found in autoimmune mechanisms.*! 

Several other hematologic and rheologic changes con- 
sistently found in burned patients may be related to the 
decreased erythrocyte survival. Decreased platelet sur- 
vival, hypercoagulability and increased whole Hood 
viscosity are found routinely in major thermal būuras,®“ 
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Fic. 1. The daily mean radiochromate counts measured from areas 
overlying the liver, spleen, and burned and normal skin expressed 
as percentages of precordial counts. 


The presence of increased quantities of fibrin-split prod- 
ucts recently demonstrated in a large series of burn 
patients®:? suggests a common denominator for all these 
abnormal findings. Other macromolecules, such as the 
high molecular weight substances found in the circula- 
tion by Allgower, et al.’ and by Rosenthal, et al., 
cannot be excluded as possible etiologic agents. These 
data do not directly implicate any of these or other 
possible etiologies. 


Summary and Conclusions 


A study of erythrocyte survival ( Chromium”! T%) was 
carried out in burned patients to clarify the mechanisms 
responsible for the severe loss of erythrocytes in the first 
week following major thermal injury. Tagged red cells 
from burned patients and from non-burned volunteers 
were utilized in a cross-over study of red cell survival. 

The half-life of normal erythrocytes from non-burned 
donors was very short in the burn patients (TR = 63 = 
1.1 days) compared to their survival in normal volun- 
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Fic. 2. A summary of erythrocyte half-lives measured in burned 
and normal recipients, with normal (Group I) and burned pa- 
tients (Group II) erythrocytes. 
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teers ( T% = 22.2 + 2.3 days). The autologous survival 
of the patients’ own red cells was equally decreased 
(T% = 7.5 + 1.2 days). However, the survival time of 
the patients’ cells in non-burned normal individuals was 
found to be within the normal range (T = 233 + 1.8 
days). The distribution of Chromium”! followirg injec- 
tion of labeled erythrocytes into burned patients was 
ascertained by external counting. These studies failed 
to demonstrate progressive accumulation of radivisotope 
in the burn wound or the spleen, implying that these are 
not primary sites of red cell removal from the circula- 
tion. 

The study suggests that in addition to immeciate de- 
struction of red cells by heat and the immediate ‘rapping 
of red cells in the burn wound by early thrombosis of 
vessels, a non-autoimmune humoral mechanism is a 
major factor contributing to shortened red cell survival. 
While the study did not precisely identify the >tiologic 
mechanism, the demonstration of normal survival of red 
cells from burned patients when injected into normal 
recipients supports the conclusion that the abnormality 
is not one of intrinsic red cell damage, but results from 
an extrinsic mechanism present within the circu ation of 
thermally injured patients. 
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In Vitro Preservation oč Canine Hearts for 24 to 28 Hours 
Followed by Successful Orthotopic Transplantation 


HE PRESERVATION of ischemic myocardium has been 
Le major concern to cardiac surgeons since the advent 
of open heart surgery, and the tolerance of -he heart 
to anoxia at normothermia or various degrees of hypo- 
thermia, with and without metabolic inhibitors, has been 
repeatedly studied.1-3.8.7,10,17,18,25,26 Primary emphasis has 
been placed on relatively short periods of anexia, such 
as occur with occlusion of the aorta during cardiac 
operations. 

Application of short-term protective techmiques_ to 
extended myocardial preservation has been highly empiri- 
cal, and has met with varying degrees of success. Pro- 
gressive increase in coronary resistance and subendo- 
cardial microinfarction has been noted after 4 hours of 
in vitro perfusion with whole blood.’ SimpE storage 
of the heart suspended in saline at 2-4°C (the long term 
analog of topical hypothermia) has resulted in viable 
grafts as tested by orthotopic transplantation following 
preservation for 7 hours.!® Hypothermia plus coronary 
artery perfusion with oxygenated electrolyte solutions 
containing oncotic agents has, in most cases, failed to 
improve upon simple hypothermia.* 13.19.24 The maxi- 
mum period of preservation followed by ccnsistently 
successful orthotopic heart transplantation has been 12 
hours, and was achieved using hyperbaric oxygenation 
and hypothermic perfusion.*!! The same aathors re- 
ported 3 isolated instances of successful trans dlantation 
after 24 hours of preservation by this method. Recent 
reports by Proctor et al.?°-*° have suggested tnat hearts 
can be maintained in a viable condition for up to 96 
hours by a simple technique of low pressure hypothermic 
perfusion. 
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In the present studies hearts were preserved for 24 
to 28 hours using techniques similar to Proctor’s, and 
were then transplanted orthotopically to test viability 
and function. Attention has been focused on the pre- 
servation process and its effects upon the myocardium. 


Methods 


In 30 experiments, American foxhounds weighing 
15 to 20 Kg. were used as donors. They were anesthe- 
tized with pentobarbital 30 mg./Kg. and, in the last 
12 experiments, pretreated with phenoxybenzamine 
l mg./Kg. and sublingual glyceryl trinitrate 0.8 mg. 
After institution of positive pressure ventilation, com- 
pletion of a left thoracotomy, and systemic heparini- 
zation (3 mg/Kg.), the left subclavian artery was 
cannulated at its origin. The heart was electrically fibril- 
lated and rapidly excised, with care taken to obtain 
sufficient atrial cuffs and lengths of great arteries. After 
weighing the heart, the coronary arteries were quickly 
flushed via the left subclavian with 200 ml. of modified 
buffered Krebs solution at room temperature, followed 
by 400 ml. at 0-3°C. The heart was then attached to 
the perfusion apparatus (Fig. 1). Air bubbles were pre- 
vented from entering the coronary arteries at all stages. 

Modified buffered Krebs solution was used as the 
perfusate in all experiments. It was formulated as fol- 
lows: NaCl 6.92 Gm./L., KCl 0.35 Gm./L., CaCl. 0.7 
ml. of the 20% hydrated solution/L., KH.PO, 0.16 
Gm./L., MgSO,:7H:O 0.29 Gm./L., glucose 2.0 Gm./L., 
NaHCO; 2.1 Gm./L. The pH at 0-3°C in equilibrium 
with 2% COs was 7.4 to 7.5. The osmolality was 290 
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TABLE 1. Summary of Variab'e Emoia and Resulis in all 30 Experimenis 
Perfusate 
Perfusion Dextran : Survival Subjective Assessment 
Dog # Pressure Concentration Additives Resuscitation Time Hours ~ Cause of Déath of Graft Function 
1 25 cm H:O 6 ym/1. TCI P.T. z5 pacer malfunction good 
2 TA £2 kemorrhage 
3 C 5 
4 12 
5 5 
6 28 days proteus pericarditis excellent 
7 12 low output poor. 
8 12 hemorrhage good 
9 0 no O; in preservation non-functional 
10 0 ats oa 
11 0 large dose epi — fibrillation - 
12 14 air in pump — CNS damage good 
13 12 low output poor 
14 14 hemorrhage 
15 , I.H 36 ruptured stomach excellent 
16 12 gm/1. 24 CNS damage good 
17 12 hemorrhage 
18 40 cm HO 16 CNS damage 
19 40 gm/1. 21/2 airin coronaries 
20 0 non-functional 
ai 24 lew output poor 
22 0 lew [Na] in perfusate non-functional 
23 18-20 cm H:O 6 gm/1. po i8 low output poor 
24 none none 30 tensión pneumothorax good, 
25 45 reoperation, hemorrhage excellent 
20 16 days rejéction l 
27 30 collapsed lung good 
28 30 l good ` 
29 4 days rejection excellent 
30 . 4 days rejection 
T = chlorpromazine 15 mg./i., C = hydrocortisone 40 mg./I., I = regular insulin, 60 4/1., P.T. = resuscitation post transplantation 


I.H. = resuscitation prior to transplantation with intermediate host. 





i 
Bubble Trap 

98% O 
2% CO, a) 
Chomber——~| * 2 

“ell Roller _ 

mi Pump © 
Bubbler — 





Fic. 1. Schematic diagram showing preservation apparatu:. 


mOsm./L. Ionic concentrations were as follows: sodiim 
148 mEq/L., potassium 6.2 mEq./L., chloride 122 mE ./ 


L., carbon dioxide 18 mEq. /L., calcium 4.2 mg. per cen 
and magnesium 5.0 mEq./L. Dextran (MW 7 70,000) wa 
added in 23 experiments in amounts varying from | 
Gm./L. to 40 Gm./L. Cortisorie (40 mg./L.) was adder 
in experiments 1-22. These modifications dre summarize: 
in Table I.. 

The perfusion apparatus (Fig. 1) boneisted of : 
sterile cylindrical 2.5 L. chamber in which hearts wer 
suspended by the left subclavian artety through whicl 
they were perfused.. The chamber was primed witl 
1.5 L. of perfusate. The perfusion circuit: consisted o 
sterile medical grade silastic tubing,* a roller pump,” 
a sterilé 35 u filter*** which had previously beer 
flushed with 100 L. of distilled water, and a bubbk 
trap. A mixture of 98% Os and 2% CO2 was slowh; 
bubbled through the perfusate in the chamber. The 
entire apparatus was housed in a cold room maintainec 
constaritly at 0-3°C. 





* Dow Corning, Midland, Michigan 48640. 

2° Travenol Laboratories, Inc., Morton Grove, Illinois 60053 

°° Pall ultipoze filter—Pall Trinity Micro Corporation, Cort 
land, N. Y. 13045. 
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Perfusion pressure was 25 cm. HO in experiments 
1-17, 35-40 cm. H:O in experiments 18-22, and 18-20 
cm. H:O in 23-30. Coronary artery perfusion was non- 
pulsatile, and the rate was measured at the szart and 
after 6, 12, and 24 hours of preservation. Coronary flow 
in m./min./Gm. initial heart weight was useļ as an 
index of flow. Coronary perfusion pressure (cm. H40) 
divided by coronary flow (ml./min.) times inital heart 
weight, was used as an index of coronary vascular 
resistance. 

Perfusate pH, electrolyte concentrations, creatine 
phosphokinase, lactate, glucose, and, in some experiments, 
glutamic oxalacetic transaminase, glutamic pyruvic trans- 
aminase, lactic dehydrogenase, calcium, and magnesium 
were serially measured by standard techniqies. No 
adjustment of pH was necessary. Partial pressures of 
oxygen and CO: were approximately 800 and 50-60 
mm. Hg, respectively, when measured at room tempera- 
ture. 

At the end of the preservation period, the hearts 
were transferred sterilely to an operating roon. Eight 
hearts were resuscitated with intermediate host per- 
fusion (via femoral artery) for 2 hours, ther cooled 
topically with Krebs solution at 3°C, and transplanted. 
The others were resuscitated on cardiopulmonary bypass 
after transplantation. 

Orthotopic transplantation of the preserved hearts 
into recipients matched only for approximate size was 
performed by standard techniques.'* After restoration 
of coronary perfusion and defibrillation the grafts were 
allowed to beat without supporting the host circulation 
for 30 minutes; cardiopulmonary bypass was then 
gradually discontinued. Atrial pacing at 140 pez minute 
was used for the first 24 hours in all experiments, and 
in most experiments a dilute drip of norepinephrine 
(0.5 to 2 »g/min.) was given intravenously for 2 to 6 
hours after discontinuation of cardiopulmonary bypass. 

Multiple left ventricular biopsies were tak2n from 








TABLE 2, Analysis of Some of Preservation Variables. 
; Level of Level of 
Vv ble G 
aria Group | digin Group II Sigitificence Sroup III 
Heart Weight Gain (%) No Significant Difference 
Average Gain 38 

Final Coronary Flow/Gram Initial 

Heart Weight 23t OFCOM CO 

(cc/gm) p<.01 p<. 

Final Coronary Resistance x 111.5 +57.4 —__ 185.4 +796 —___ 107.7 + 28.7 

Initial Heart Weight p< .05 p < .02 


(cmH20'gm`min/ce) 


A Perfusate [K] (meq/I.) ee a a Oe ee Re A 
p<. 


N.S. 
A Perfusate CPK (units) No Significant Difference 
Average Increase 32 
A Perfusate Lactate No Consistent Trend Observed 


A Perfusate Glucose (mg%) No Significant Difference 


Average Decrease 5.4 
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two hearts prior to and following the preservation 
period, and after 1% hours of reperfusion and resuscita- 
tion on an intermediate host preparation. These were 
examined by light and electron microscopy. Light micro- 
scopy was also used for histologic examination of grafts 
surviving more than 48 hours. 

Statistical analyses were performed by means of a 
Student’s T test. Experiments were grouped for com- 
parison as follows: Group I—all hearts which functioned 
well after transplantation (expts. 1-6, 8, 12, 15, 16, 18, 
19, 24-30). Group Il—all hearts which functioned poorly 
or failed to function after transplantation (expts. 7, 
9-11, 13, 14, 20-23). Group III—the last 7 experiments 
(24-30) in which all recipients survived for at least 
30 hours. Groups I and II and groups II and III were 
compared in analysis of variables. 


Results 


Consistently successful preservation of hearts was 
achieved in the last 7 experiments (Table 2); in them, no 
dextran, cortisone, thorazine, or insulin was added to 
the perfusate. The perfusion pressure was 18-20 cm. 
H.O, and hearts were resuscitated after transplantation 
rather than with an intermediate host prior to transplan- 
tation, All recipients of these grafts survived 30 hours or 
more, and 3 survived to rejection. Gross and light 
microscopic examination of survivors hearts showed 
changes characteristic of acute rejection.” 

During the preservation period, all hearts gained weight 
(average 38%), and there was no significant difference 
between Groups I and II or II and II (Table 2). Final 
coronary flow per gram of initial heart weight was 
significantly higher in group I than group II. It was 
also greater in group III than group II, but this dif- 
ference was of borderline significance, For all groups 
combined, the average decrease in coronary flow per 
gram of initial heart weight was .09 ml./Gm. over the 
24 to 28 hour preservation period. 

The product of coronary artery resistance (perfusion 
pressure/coronary flow) and the initial heart weight 
differed significantly between groups only at the end 
of the preservation period. The final “resistances” in 
groups I and III were significantly less than in group 
IT: for all groups combined the average rise in “resistance” 
was 65 cm. HO. Gm. min./m1/24 hours. 

Perfusate potassium concentration rose during preserva- 
tion in all groups, but there were no significant dif- 
ferences between the groups. Perfusate CPK rose (avg. 
32 units/L.) and perfusate glucose fell (avg. 5.4 mg.- 
%) during preservation, but there were no significant 
differences between groups I and II, or groups II and 
III. Perfusate lactate concentrations showed no con- 
sistent trend. 
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Light and electron microscopic examination of 
serial biopsies were done. Control biopsies showed normal 
myocardium (Figs. 2A and 3A). Tissue taken at the 
end of the 24-hour preservation period (Figs. 2B and 
3B ) showed interstitial edema which on light microscopy 
was focally distributed. Occasional intracellular vacuoles 
were present. Intracellular ultrastructure was, in gen- 
eral, normal after 24 hours of preservation. Occasional 
vacuoles arising from the sarcoplasmic reticulum were 
seen. Approximately 10%-25% of the mitochondria ex- 
hibited close apposition of cristal membranes produc- 
ing focal, laminated, electron-dense structures within 
the mitochondrial matrix. Capillaries contained promin- 
ent cytoplasmic processes resembling microvilli extending 
into the lumens. The large number of capillary pino- 
cytotic vacuoles was also conspicious. Interstitial edema, 
especially in the areas around capillaries, was prominent. 
After 1% hours of reperfusion and resuscitation on an 
intermediate host preparation there was resolution 
of most of the interstitial edema, mitrochondrial structure 
was completely normal, and other ultrastructural and 
light microscopic features also appeared normal (Figs. 


2C and 3C). 


Discussion 


It is appreciated that the many variables in these 
experiments and the use of survival, and “all or none” 
phenomenon, as the measure of successful myocardial 
preservation makes interpretation of final results difficult. 
In 20 of the 30 experiments, the hearts functioned well 
after preservation. However, it was only in the last 7 
experiments that satisfactory functional results were 
consistently achieved. This may have been partially 
due to improved techniques as well as the altered condi- 
tions of preservation. It is also true that cardiac func- 
tion could not be thoroughly evaluated in those animals 
which died of postoperative hemorrhage or lack of 
intensive 24-hour attendant care. Quantitative assessment 
of graft function following orthotopic transplantation 
would, therefore, be a desirable addition to such experi- 
ments. 

Despite limitations in interpretation, our study sup- 
ports several conclusions. The assertation by Martin 
et al.‘® that heart preservation by hypothermic perfusion 
is universally unsuccessful is disproven by the present 
results. His demonstration that ATP’ase in the heart 
muscle is decreased by hypothermia is of great interest. 
Despite this previously shown depression, the present 
experiments revealed that significant amounts of fluid 


Fic. 2. Light micrographs of myocardium. Toluidine blue stain. 
x400. a. (Top) Prior to preservation. b. (Middle) After 24 hours 
preservation showing interstitial edema. c. (Bottom) After 24 
hours preservation and 1% hours resuscitation on an intermediate 
host showing resolution of intercellular edema. 
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failed to enter cells during preservation, Ratier, on 
electron micrographs, it remained in interstitial spaces. 
The mechanisms responsible for the confinement o- edema 
to the interstitial space are not clear. The absence of 
significant fluid accumulation within the myocytes in- 
dicates that membrane integrity was perserved; this 
must result from ongoing cellular metabolism. The 
large number of pinocytic vesicles in the capillary cells 
and the absence of any gaps or breaks in capillary 
membranes suggest that fluid was transferred from 
intravascular to interstitial space by vesicles. The factors 
responsible for this are not known. However, the hydro- 
static pressure exerted on the capillary bed and the 
perfusate oncotic pressure must be important. -t would 
also be expected that interstitial edema woulc be less 
if normal drainage via the lymphatics coulc be ac- 
complished. 

The constricting effect of interstitial edem on the 
myocardial capillary bed is most likely the cause of the 
decreasing coronary flow and increasing resistance 
which was observed during preservation. Despite the 
expected unfavorable effects of these changes, the stud- 
ies demonstrate that interstitial edema (average weight 
gain of 38%) and decrease in coronary flow do not 
preclude survival and satisfactory function of -he graft. 
The absence of significant differences in we ght gain 
between viable and nonviable grafts indicates that 
weight gain per se is not a critical determinent of viabil- 
ity in heart preservation. 

The maintenance of normal oncotic pressure with 
dextran in a concentration of 6 Gm./L. was not necessary 
for successful heart preservation. However, an in- 
crease in the concentration of dextran to 40 Gm./L., as 
suggested by Ferrans et al.,” resulted almost uniformly 
in grafts which functioned poorly or failed tc function. 
The use of other chemicals (chlorpromazine, cortisone, 
insulin) was also found unnecessary. Clearły, further 
study of the pharmacology of these substances at 0-3°C 
would be desirable before their routine inclusicn in organ 
perfusates. 

The use of an intermediate host preparation for graft 
resuscitation prior to transplantation was abandoned 
after its evaluation in eight experiments Resusci- 
tation for 2 hours and subjective assessment of cardiac 
function prior to recooling and transplantacion failed 
to discriminate among hearts which functioned well, 
poorly, or not at all following subsequent t-ansplanta- 
tion. 


Fic. 3. Electron micrographs of myocardium. a. (Top) Prior to 
preservation showing normal ultrastructure. 12,450. b. (Mid- 
dle) After 24 hours preservation showing essentially normal myo- 
cyte ultrastructure. 9,700. c. (Bottom) After 24 heurs preserva- 
tion and 1% hours resuscitation showing persistence of normal 
intracellular morphology. 
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Summary 


Nonpulsatile, hypothermic perfusion of canine hearts 
at 0-3°C. with a simple electrolyte solution resembling 
extracellular fluid was used to preserve grafts for 24 to 
28 hours. Orthotopic transplantation was used t test 
graft viability and function. One hundred per cert sur- 
vival for 30 hours or more was obtained in the last 
seven consecutive experiments. Three of these animals 
survived for four days or more and died of rejection. 

Analysis of the variables used during preserrétion 
suggest that low perfusion pressure (18-20 cm. H:O}, no 
dextran or other additive, and resuscitation after ans- 
plantation are important in achieving success. 

At the end of the preservation period, coronary dow 
per gram initial heart weight was greater and resis- 
tance times initial heart weight were less in grafts Which 
subsequently functioned well versus those which func- 
tioned poorly. Interstitial edema formation resulting in 
weight gain during preservation was readily revezs ble 
upon graft resuscitation. Weight gain during preserva- 
tion did not preclude long-term survival. 
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Surgical Management of Coarctation of the Aorta with 


HE USUAL OPERATION for coarctation of the aorta 
Th resection of the constricted segment anc restora- 
tion of the continuity of the vessel by end-to-end anasto- 
mosis or occasionally with the insertion of a graft or 
prosthetic segment. The relatively long period of cross 
clamping of the aorta is not expected to cause ischemic 
damage to the spinal cord because of the almest inevit- 
able presence of increased collateral circulation. A limited 
review of the literature might lead one to be ieve that 
there need be no fear of spinal cord damage afer opera- 
tions for coarctation. The complication is not mentioned 
in the discussion on coarctation in a current volume on 
“Complications in Surgery”? nor in the section on “Opera- 
tive Mortality and Morbidity” in a recent exhaustive 
review article.!4 However, in our research of -he litera- 
ture, we have been able to find 13 cases of paraplegia 
following coarctation operations. Eleven of these?5.9.11. 
15.17 were in a list compiled by Adams and van Geer- 
bruyden? in a scholarly paper in which they reviewed 
the published cases of cord damage after various types 
of operations in which the aorta was temporarily oc- 
cluded. We were able to find two additional! cases*!", 
to make the total of thirteen. We are pleased that this 
communication does not report an instance of paraplegia 
complicating any of the 292 operations for coarctation 
of the aorta done by our group, possibly because pre- 
ventive measures were taken in three cases. However, 
there was one tragic result because of the censervative 
operative management of one case, in which the planned 
resection of the coarctation was not done. 

Of course, it has been assumed that the paraplegia 
following cross-clamping of the aorta is caused by ische- 
mia of the spinal cord, but there have been several 
theories of the mechanism of the ischemia, The follow- 
ing factors have been considered: (1) Excessive time 
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of occlusion of the aorta, (2) interference with the 
vascular supply of the cord by the division of intercostal 
arteries, (3) lack of the usual increased collateral circula- 
tion, (4) thrombosis of the anterior spinal artery, and 
(5) temporary occlusion or division of the left sub- 
clavian artery. The available data on the 13 cases of 
paraplegia were reviewed to see which of these factors 
might be incriminated. In two of the cases,*''! there was 
a definite impression by the surgeon that the collateral 
circulation was not well developed. In two cases of 
paraplegia,’ the aorta had been clamped for one hour 
and an hour and fifteen minutes respectively; it was 
stated that both patients had good collateral vessels and 
almost complete occlusion at the site of coarctation. 
The paraplegia in one of these cases did not develop 
until the second postoperative day. Partial paraplegia 
was noted in a case in which the subclavian was used 
for the anastomosis.” The authors blamed thrombosis of 
the anterior spinal artery for the complication. 

It was fear of producing paraplegia in a young girl 
that led one of us (C.R.L.) to make an unfortunate 
decision in the following case. 


Case Reports 


Case 1. The patient was a 16-year-old who was brought to 
the Emergency Room of the Henry Ford Hospital on the evening 
of May 1, 1953. During the day, she had suddenly complained 
of severe headache and chest pain, and later numbness of the 
right arm, She became stuporous and unresponsive. The face 
was first cyanosed, and then flushed. On admission to the Emer- 
gency Room, she was evidently acutely ill, and could not be 
aroused. The skin was cold and moist and the face flushed. The 
blood pressure in the left arm was 208/110, and in the right, 
240/150. Femoral pulses were said to be “good.” The pressure 
in the right leg was said to be 210/110, and in the left leg 
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190/140. A systolic murmur was heard at the left sternal border. 
A significant fact in the past history was that 9 months l=fore, 
angiographic studies at another hospital had shown coa cation 
of the aorta, and repeat studies after one year had been sug- 
gested. The obvious diagnosis was a cerebral vascular aec dent, 
secondary to hypertension with coarctation of the aorta. Lumbar 
puncture produced bloody fluid. Cerebral angiography on “he left 
was negative. There was some improvement in her sensorum. A 
telephone report of the previous aortogram was obtaine l. and 
it was learned that there was an “elongated narrowing o` the 
aorta with an inside diameter of 8 mm.” With this information 
and considering the danger of further cerebral hemorrhace, it 
was decided that immediate operation, with the insertioa of 
homograft was indicated. 

Operation was done on June 5, 1953, It was soon 
that the large collateral vessels usually seen in coarctation o` the 
aorta were not present in this case. The subclavian artery was 
of only moderate size. The constriction in the aorta was cons der- 
ably distal to the ligamentum; it was about 2 inches in Eagth. 
There was a thrill in the aorta dist: ally. The intercostal 
did not appear enlarged nor fragile. W hen the aorta was clamped, 
the pressure in the arm went up from 180 systolic to 22C, In 
this seemed very dangerous. 


vious 


‘cxsels 


view of the recent stroke, Asa, as 
judged by palpation, the pressure in the distal aorta wa: very 
low. The operative note states “Obviously no kind of grcting 
procedure could be performed without the insertion of son= sort 
of temporary shunt.” It was deemed advisable to close the chest 
rather than attempt the planned operation in the face cf the 
obvious deficiency in collateral circulation. Presumably, taere 
would be a prompt re-operation when plastic tubing suitable for 
a temporary shunt would be available. 
Unfortunately, there were some features about the 
suggested a humoral origin of the hypertension, and tests with 
Benodaine and Regitin seemed to confirm the presence cf a 
pheochromocytoma. Another surgeon explored the abdomen on 


case waich 


June 30, and no adrenal tumor was found. Her course afte- this 
operation was consistently downhill, and she expired a week 





Fic. 1. Film of chest, Case 2. There is no evidence of rib notch ng. 
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later, with cyanosis and respiratory insufficiency. Autopsy showed 
extensive pneumonia and purulent pericarditis. The coarctation 
was described as having a typical appearance, with moderate con- 
and no evidence of collateral circulation. 

Eventually, a written report of the pre-operative aortogram 
which had been done elsewhere was obtained. “The left sub- 
clavian artery and possibly the innominate artery are slightly 
enlarged. Approximately 2 cm. from the origin of the left sub- 
rather elongated fusiform con- 


striction, 


clavian, the aorta undergoes a 
striction with the lumen reaching smallest diameter 
mately 8 mm. The descending aorta is of small caliber 
this constriction. The internal mammary arteries are not enlarged 


of approxi- 
below 


and no collateral vessels are seen in the region of the aortic 
constriction. Comment: This patient has coarctation of the aorta of 
a very mild degree. It seem doubtful that there is sufficiency 
collateral circulation to allow a direct surgical repair. 
of the small size of the distal aorta, it seems questionable that a 
repair could increase by great extent the blood flow to the lower 


In view 


extremities.” 

This was exactly the condition which was found at thoracotomy. 
And the encountered in a similar 
patient, but the problem of the inadequate collateral circulation 
was solved by management by a method which could have been 
used in the 1953 case. 

In 1952, Shafer and Hardin!’ described their experiments with 
“The Use of Temporary Polyethylene Shunts to Permit Occlusion, 
Resection and Frozen Homologous Graft Replacement of Vital 
Vessel Segments.” When the thoracic aorta in dogs was clamped 
for about a half hour, 6 died of shock and the survivors all had 
spastic paralysis of the hind limbs. When blood was shunted 


same situation was recently 


around the occlusion through a polyethylene tube, no paralysis 
was seen. They referred to a previous report of the method by 
Clatworthy and Varco.? More recently, shunts of this type have 
been found to be useful in the resection of aneurysms of the 
descending aorta 1? and for the repair of acute traumatic rupture 
of the aorta.!3 

Case 2. A 19-year-old girl was admitted to the Henry Ford 
Hospital with the suspicion of coarctation of the aorta on July 19, 
1970. There had been no symptoms except some pain in the legs 
on exertion. Hypertension and a heart murmur had been found 
on a routine physical examination. The blood pressure in the 
right arm was 190/80, in the left 180/80. A systolic murmur 
was heard anteriorly and posteriorly. The femoral artery pulsa- 
tions were weak. Films of the chest showed the heart size to 
be within normal limits; there was no rib notching (Fig. 1.) 
Aortogram was done with a catheter in the right subclavian artery 
(Fig. 2). The report stated “There is a coarctation which measures 
approximately 12 mm. in diameter which is 3 cm. from the left 
subclavian. The left subclavian artery is not dilated. It is noted 
that the intercostal arteries distal to the coarctation appear normal 
in size. The internal mammary artery, although prominent, is 
not huge and appears to branch in a normal fashion. Summary: 
Coarctation of the aorta with no sign of increased collateral 
vessels. The findings suggest that physiologically there is little 
sign of functional obstruction.” 

With the history of Case 1 vividly in the mind of one of us 
(C.R.L.), it was not difficult to make a decision regarding 
surgical management. A prompt operation would be done, with 
the use of a temporary shunt during the occlusion of the aorta. 
Operation was done on July 27, 1970. When the thoracic muscles 
divided, there was no evidence of increased collateral 
circulation. The coarctation was at the site of the ligamentum 
arteriosus. After mobilization of the vessel, a small polyethylene 
tube was introduced into the distal aorta for monitoring of the 
pressure. It was 90/70, and when the aorta was clamped, there 
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was a precipitous fall to 20 mm., indicating a serious impairment 
of circulation to the structures supplied by the aorta distal to 
the coarctation (Fig. 3). A shunt was made with a T=gon tube 
with an internal diameter of 4 mm., which was passed into the 
aorta through a slit in the subclavian artery and through an 
opening in the distal aorta protected by two purse-strimg sutures 
(Fig. 4). With the shunt open, the pressure in the dstal aorta 
was increased to 125 mm. systolic, and when the aorta was 
clamped, the distal pressure was about 70 systolic, which was 
about 3 times as high as without the shunt. With this amount 
of distal blood flow, there was no hestitation in proceeding with 
the usual resection of the coarctation, and end-to-end anastomosis 
(Fig. 5). When the aortic clamps were removed, there was a 
good pressure of 125/90 distally, which was maintamed when 
the shunt was removed. No neurologic deficit was present after 
the operation; the femoral pulses were strong, and the blood 
pressure was within normal limits when the patient was discharged 
on the ninth postoperative day. 

This type of shunt has obvious advantages over the other 
alternative, atrial-femoral by-pass with a pump. It is simple, 
physiological, and economical. One great advantage is that hepa- 
rinization is not needed. However, our group has vsed_atrial- 
femoral by-pass on two occasions. 

Case 3. A 15-year-old girl was admitted to the Henry Ford 
Hospital on the Pediatric-Cardiology Service of Dr. Edward 
Green on November 19, 1963. She complained of fatigue and 
headaches. The blood pressure was 160/100 in the right arm, 
and it was questionably measured as 100/90 in the left arm. 
The femoral pulse was weak. A continuous murmur was heard 
posteriorly. Films of the chest showed no rib notching. Flouroscopy 
showed prominent pulsations of the of the ascending aorta; the 
descending aorta was small. At aortography, it wes observed 
that there was a large ascending aorta from which arose large 
innominate and left carotid arteries. Immediately d stal to the 
left carotid, there was a hypoplastic segment of aorta 3 inches 
long, beyond which the aorta was of normal caliber. There was 
faint filling of the left subclavian artery. The diagnosis was evi- 
dently atypical coarctation of the aorta with hypop-asia of the 
aortic arch distal to the left carotid artery. Dr. Geen recom- 
mended surgical correction with atrial-femoral by-pass. 

The operation was done on December 11, 1963 by Dr. Thomas 
Gahagan. When the posterio-lateral incision was made, it was 
evident that there was no increase in collateral circalation. The 
constriction was found just distal to the internal carotid artery, 
and beyond this, there was post-stenotic dilatation with two 
thin-walled aneurysms. The left subclavian artery arcse from the 
descending aorta distal to the aneurysms. Left atrial-femoral 
by-pass was established, and the coarctation and distal aneurysms 
were excised. It had been expected that a prosthesis would be 
necessary, but fortunately, an end-to-end anastomosis without 
tension was possible. The left subclavian artery was left intact. 


Fic. 3. Intra-operative 
pressures in distal aorta. 
a and b, before and after 
clamping. c and d, with 
tube shunt between sub- 
clavian artery and dis- 
tal aorta, before and after 
clamping. e, anastomosis 
completed and clamps re- 
moved. f, tube shunt re- 
moved. 
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Fic. 2. Aortogram shows that lumen of coarctation is moderately 
large, intercostal collaterals are not seen and the internal mammary 
artery is not greatly dilated. 


Her postoperative course was without incident, and it is of interest 
that the blood pressure in the left arm was the same as that of 
the right, 120/80! The choice of atrial-femoral by-pass in this 
particular case was evidently a good one. The aortic arch 
normally might have made a simple tube by-pass more difficult. 

In another case, left atrial-femoral by-pass was used because 
of a special situation, re-operation for a complication of the 
anastomosis, 7 weeks after a conventional operation for coarctation. 

Case 4. The patient was a 12-year-old boy with a typical 
coarctation of the aorta, which was resected by one of us (E.A.) 
on August 19, 1968. There was some concern about the tension 
on the suture line, but when the mediastinum was closed. there 
did not appear to be danger of disruption. However, on the third 
postoperative day, a film showed considerable mediastinal widen- 
ing. Five weeks after the operation, there was a mass the size of 
an orange at the site of the anastomosis, and the boy became 
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Wii, 
\\\ /, Fic. 4, Diagram of subclavian- 


aortic by-pass with tube. 
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hoarse, evidently from recurrent nerve paralysis, It was evident 
that a false aneurysm had formed, and it was clear that re-opera- 
tion was indicated. It was wondered if the collateral circulation, 
which was adequate at the first operation, might have diminished 
To be on the safe side, the operation, on 
October 10, 1968, with arrangements for left atrial- 
femoral by-pass on a stand-by basis. At thoracotomy, a false 
aneurysm, 10 cm. in diameter, with the outer wall composed enly 
of mediastinal pleura was observed. When the aorta was clamped 
above this, there was alarming slowing of the heart. The distal 
aortic pressure was markedly diminished, but was not measured 
because it was evident that atrial-femoral by-pass was indicated 
to eliminate strain on the left heart during the aortic occlusion. 
The by-pass was established, after which the aorta could be 
clamped without affecting the action of the heart, and the distal 
aortic pressure was good. The false aneurysm was opened, and 
it was observed that one-third of the suture line had disrupted. 
The involved segment was replaced with a 17 mm. dacron 
prosthesis. The postoperative course was uneventful, and when 
last observed March 28, 1968, the blood pressure was 120/70. 
The decision to use some sort of by-pass during the long period 
of aortic occlusion was no doubt a good one, and with the distor- 
tion of the mediastinum from the false aneurysm, the use of 
simple tube by-pass might have been more difficult than the 


in 7-week interval. 
was done 
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Fic. 5. Resected coarctation compared with cross-section of Tygon 
tubing used for by-pass. 
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it should be remembered that 
the tube by-pass has been successfully used in operations for 
traumatic rupture of the aorta.!? 


atrial-femoral by-pass. However, 


There is a significant report of an infant on whom a second 
operation was done.'® An operation for resection of a pseudo- 
aneurysm which developed 2 weeks after resection of coarctation 
of the aorta was complicated by paraplegia! 


Discussion 

Although this communication has been most con- 
cerned with the dreaded complication of paraplegia 
following operations for coarctation of the aorta when 
there is no abnormal collateral circulation, it is worth 
considering that the stress on the heart in some cases 
of preductal coarctation (infantile type) may be an 
important factor in the fatal outcome of many of these 
operations. A ventricular septal defect is frequently 
present, and the right ventricle thus becomes a systemic 
ventricle, supplying oxygenated blood to the distal 
aorta through the large ductus arteriosus. It is under- 
standable that collateral circulation would not be in- 
creased in such cases, and clamping of the ductus re- 
duces cardiac output to the lower part of the body. There 
is no reported case of paraplegia following resection of 
a preductal coaractation in an infant, but the incidence 
of cardiac failure during the operation or immediately 
afterward is well established.11°.'8 Perhaps a shunt from 
the pulmonary artery to the distal aorta until comple- 
tion of the coarctation correction would provide a safety 
factor. 

In a recent paper “Correction of Coarctation of the 
Aorta: Manometric Determination of Safety During 
Test Occlusion,” Hughes and Reemstma!® called atten- 
tion to the possibility of neurologic complications in 
some cases of coarctation. The i presented two case re- 
ports, one of a 5-year-old child with preoperative and 
operative evidence of minimal collateral circulation; with 
occlusion of the aorta, the distal aortic pressure fell 
below their arbitrary value of 50 mm, mean to 45 mm., 
and consequently the repair was done during atrio- 
femoral by-pass. A second case, a 12-year-old child, had 
all of the classical signs of good collateral, and since the 
mean distal aortic pressure after clamping was 76 mm., 
no by-pass was used. Presumably, they were in favor of 
manometric monitoring and pump standby cases of 
coarctation, because they concluded “Protective bypass 
systems should be available in cases in which surgery 
for coarctation of the aorta is performed.” 

While we have successfully avoided paraplegia in 
292 cases of coarctation of the aorta without routinely 
measuring the distal aorta with a 
manometer at the time of occlusion, we agree that this 
should be done when there is doubt about it’s ade- 
quacy and especially when the usual evidences of col- 
lateral circulation are absent. This measurement. will 
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indicate the advisability of tube shunt or pump bypass 
to avoid deficiency in blood supply to the spinal cord. 


Summary 


The problems of operations on coarctation of the 


aorta where there is not increased collateral circulation 
have been presented. It is suggested that in such cases 
the operative management should be modified, with the 
use of some type ar shunting procedure to supply blood 
to the distal aorta, thereby minimizing the danger of 
cord damage and cardiac strain. We have used atrial- 
femoral by-pass with a pump in two cases, and < simple 


tube by-pass on another. 


This should have be2n used 


on a case in which the coarctation was not corrected 
at operation because of fear of producing paraplegia. It 
appears to be the method of choice when inadequate 
collateral circulation is found at operations for coarcta- 
tion of the aorta. 
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Lymph Node Biopsy During Laparotomy for the Staging of 


B GENERAL AGREEMENT laparotomy for the s aging 
of Hodgkin's disease includes multiple node bicpsy, 
liver biopsy and splenectomy in all cases and, m the 
female, some form of ovarian transposition. The tech- 
nique of the lymph node biopsy described in this paper 
has evolved from experience obtained during the lapa- 
rotomy in 63 selected patients with Hodgkin's discase. 
Thirty-one of these patients were found to have ir tra- 
abdominal disease and 29 of these had involvement of 
the intra-abdominal lymph nodes. This technique >ro- 
vides an effective sample of involved lymph nodes wi-hin 
the abdomen, including those that are not usually der on- 
strated in the lymphogram. 


Method 


These 63 patients were a highly selected group com- 
prising part of a larger series being studied at the 
Princess Margaret Hospital, a centre for the treat nent 
of lymphoma and related diseases. All were operated 
upon by one surgical team. The patients were selected 
for laparotomy when the results of the usual investiga- 
tions for staging had been equivocal or the patient's 
clinical course or other findings conflicted with the ve- 
haviour anticipated from the specific histological type 
of disease.!? 

The retroperitoneal lymph nodes which must be 
sampled lie in a T-shaped pattern (Fig. 1). The ilac 
and para-aortic nodes up to the level of the pancreas 
comprise the vertical limb of the T. The horizontal group 
of nodes lie along the superior border of the pancreas. 
In addition to these two groups, the nodes of the small 
bowel mesentery were biopsied. 

A long left paramedian incision was used in all ceses. 
The dissection commenced at the aortic bifurcation and 
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progressed down the iliac arteries to the inguinal liga- 
ments and upwards along the aorta to the inferior sur- 
face of the pancreas. Lymph nodes along the course of 
the iliac vessels and nodes on each side of the aorta were 
sampled and the dissection extended posteriorly to the 
anterior surface of the vertebral bodies and psoas 
muscles. The fourth portion of the duodenum was ele- 
vated and the para-aortic nodes deep to this structure 
were biopsied. All of these nodes were carefully labelled 
and silver clips used for haemostasis and for subsequent 
radiological identification of the biopsy site (Fig. 2). 
Frozen-section examination of the nodes confirmed that 
lymphatic tissue had been obtained, a fact that was 
difficult to establish in obese individuals. If one 
suspicious node had been singled out on the lymphogram 
for biopsy, a radiograph was done in the operating room 
to confirm that it had been removed. Normally, radio- 
logical control was not considered helpful. 

A node in the small bowel mesentery was selected and 
biopsied, usually the largest and most obvious node. 

Attention was directed to the lymph nodes along the 
superior border of the pancreas. The celiac nodes were 
biopsied first. The lesser omentum was incised and, by 
retracting the pancreas downwards, the celiac axis and 
celiac nodes were seen. The dissection was tedious in 
this vascular area but, with experience, we had little 
difficulty in identifying the nodes and obtaining a biopsy. 
The splenic artery was ligated to facilitate the sub- 
sequent splenectomy. The lymph nodes above the pan- 
creas in the region of the porta hepatis were biopsied 
next but we deferred the removal of the nodes in the 
splenic hilum until splenectomy later in the operation. 
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Results 


Laparotomy for the staging of Hodgkin's disease was 
done in 63 selected patients. Thirty-one patients had 
intra-abdominal disease and in 29 of these the lymph 
nodes contained lymphoma (Table 1). The otier two 
patients had disease limited to their spleen. Of the 29 
patients with positive lymph nodes, 20 had involve- 
ment of the para-aortic and/or iliac nodes; -n these 
patients some or all of the suprapancreatic and mes- 
enteric nodes were involved as well. One patient in 
this group had a single focus of disease in the ab- 
domen—in the right iliac node; the lymphogram had 
demonstrated this. However, in 9 patients, the disease 
was limited to the suprapancreatic and mesenteric nodes 
and there was no involvement of the para-cortic or 
iliac nodes (Table 2). In 8, the disease was confined to 
nodes lying along the superior border of the pancreas. 
In one patient, the node from the small bowel mesentery 
contained the only detected focus of intra-abdominal 
disease; all other nodes were normal and no disease was 
present in the spleen or liver of this one patieat. How- 
ever, in 4 other patients, the nodes of the small bowel 
mesentery were involved along with other intreabdomi- 
nal nodes. 

In 31 patients with positive laparotomies, the spleen 
was involved in 26. In 15 patients the liver contained 
disease and in each of these, there was disease else- 
where in the abdomen. The liver, spleen ard lymph 
nodes contained foci of disease in 14, but, ir one pa- 
tient with deposits in the liver the spleen wes normal 





Fic. 2. Flat plate showing the silver clips at the sites of some of 
the lymph node biopsies. 


and there was disease in the celiac, portal and mesenteric 
nodes. 


Complications 


There was one postoperative death in this group of 63 
patients. This patient, who died on the twentieth post- 
operative day, had hypersplenism and involvement of 
the gastric wall by Hodgkin’s disease. Her death, due 
to hemorrhagic diathesis and gastrointestinal bleeding, 


TABLE 1 Results of Patients Submitted to Staging Laparotomy 
d g 











Negative Laparotomy 
Positive Laparotomy 
Diseased Lymph nodes 29 
Para-aortic with other 
regions (20) 
Suprapancreatic and Mesenteric 
only (9) 
Diseased Spleen 26 
Diseased Liver 15 


iN wD 
bo 


— 








Fic. 1. T-shaped pattern of retroperitoneal lymph aodes which Total 62 
should be biopsied in the staging of Hodgkin’s cisease. 
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. Patients with Negative Para-aortic Nades but with Disease in the Suprapancreatic or Mesenteric Nodes 


Patient Sex Age _ Initial presentation 


A.F. F 20 
E.B. M 21 


Posi-ive 
Positive 


Bil. supraclavicular 
R. supraclavicular 

R. axilla 

Hilar 

Internal mammary 
L. supraclavicular 

R. axilla 

Bil. cervical 

R. supraclavicular 

Mediastinum 

L. hilar 


R. supraclavicular 


F.A. M 29 Negative 


E.M. M 26 Ne si tive 


J.MclI. M 35 Nesistive 
L. axilla 

L. cervical 
Mediastinum 

Bil. supraclavicular 
R. cervical 


L. hilar 


J.M. F 31 Negstive 


N.V. M 21 Negative 


S.V, M 32 


Eqmivocal 


G.M. M 18 L. supraclavicular Negative 
L. axilla 


Mediastinum 


Lymphogri m report 


Histology Nodes involved Spleen Liver 
M.C. Celiac, splenic hilar Pos. Neg. 
M.C. Celiac Pos. Neg. 
ir. Celiac, porta hepatis Pos. Pos. 
NS. Celiac Neg. Neg. 
M.C. Celiac Pos. Neg. 

Splenic hilar 
M.C Mesenteric Neg. Neg. 
M.C. Splenic hilar Pos. Neg. 
M.C Celiac Pos. Pos. 
Porta hepatis 
Splenic hilar 
N.S Celiac Neg. Pos. 
Porta hepatis 
Mesenteric 


Accepted abbreviations according to the Rye Conference: N.S.—Nodular Sclerosing; L.P.—Lymphocyte Predominent; M.C.—Mixed 


Cellular, and L.D.—Lymphocyte Depletion. 


was attributed more to her advanced disease than the 
effect of the staging laparotomy. Five other paficnts 
had serious complications, but all recovered. One pa- 
tient developed a wound dehiscence, which required 
resuture, and a second patient developed a subphrenic 
abscess and wound dehiscence. Both patients weighed 
over 200 lbs. when initially operated upon. A thirc pa- 
tient developed a complete small bowel obstruction, 
where a loop of ileum became adherent to the biopsy site 
in the small bowel mesentery; he was re-explored. A 
fourth patient developed a partial small bowel ob- 
struction on the sixteenth postoperative day which was 
relieved by conservative measures. Another patient 
with marked peri-splenitis had adhesions between the 
spleen and surrounding structures developed a hema- 
toma in the splenic bed, which had to be drained. 


Discussion 


Detailed study of the lymph-node involvement can- 
firmed by laparotomy shows the importance of routincly 
sampling the nodes along the superior border of the 
pancreas and in the small bowel mesentery, in addition 
to the nodes in the para-aortic and iliac areas. The 
lymphogram does not demonstrate the nodes lying 
above the pancreas or those in the small bowel mesentery. 
Therefore, although greater accuracy has been achiercd 
in the interpretation of the lymphograms, laparotomy 
occasionally revealed unexpected disease in those norles 
not visualised by this investigation. Our experiemce 
shows that approximately one third of the patients 


in this series had involved abdominal lymph nodes that 
would otherwise have been missed. 

A review of the reports''''* describing staging 
laparotomies for Hodgkin’s disease shows that the 
authors used a variety of techniques in the lymph node 
dissection. In some studies the biopsy was limited to 
the para-aortic and iliac nodes. Exelby® has suggested 
that the image intensifier could be used to localise for 
biopsy nodes that appear abnormal in the lymphogram 
but unfortunately the interpretation of the lympho- 
graphic appearances may be fraught with error. Further- 
more, microscopic foci of disease can be found in nodes 
that appear normal on the lymphogram and to inspec- 
tion and palpation, so that routine sampling should be 
done irrespective of whether the surgeon believes the 
nodes are normal or diseased. Enright et al. described 
a technic of removing, as a chain, the upper para-aortic 
nodes lying deep to the duodenum, and stressed that 
it is important to biopsy the splenic hilar nodes. In 
their original report concerning the value of staging 
laparotomy, Glatstein et al. suggested that, because of 
the technical difficulty of sampling lymph nodes lying 
high in the abdomen, the surgeon might have to settle 
for biopsying the lower but less often involved para- 
aortic nodes. Lowenbraun et al.? biopsied the mesentric 
and splenic hilar nodes and the nodes in the region of 
the porta hepatis but limited their sampling of the 
retroperitoneal para-aortic nodes to those which seemed 
abnormal on palpation or on the lymphogram. Pros- 
nitz et al." recommended the biopsy of the para-aortic 
nodes and any celiac axis, mesenteric or porta hepatic 
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nodes that appeared at all suspicious. Perlin et a..™' also 
excised all “suspect” nodes. However, as noted earlier, 
normal appearing nodes may contain foci of diseas2. 

The results obtained during staging laparotonies in 
63 selected patients reported in this paper emphasises 
the importance of a complete sampling of the lymph 
nodes and in all patients submitted to laparotomy, 
whether or not the gross appearance of the noces sug- 
gests that they are diseased. Table 2 shows the nodes 
involved in 9 patients who had negative paza-aortic 
and iliac nodes. As yet we have been able tc detect 
no pattern of spread in the abdomen and it is -his un- 
predictable behaviour which justifies routine bòopsy of 
all nodes in each patient. Because the lymphogram does 
not demonstrate these suprapancreatic and mesenteric 
nodes, a negative lymphogram report should have been 
correct in these 9 patients. In analysing these results 
therefore, it is proper to class these 9 patients with the 
34 patients who were found to have negative pa-a-aortic 
and/or iliac nodes on histological examination. This re- 
view revealed that a number of variables govern the 
association between disease in the spleen and Ever and 
involvement of the suprapancreatic and mesenteric 
nodes. In two of these 9 patients both liver and spleen 
were also involved, in 6 only the spleen was mvolved; 
in two neither liver nor spleen contained demenstrable 
disease and in one only the liver was involved in addi- 
tion to intra-abdominal nodes. 

We also compared the lymphographic reports and the 
results of biopsy. In 20 patients who had para-aortic and 
iliac node involvement, this comparison showed a small 
but significant error in the interpretation of the lympho- 
gram, namely, three negative and one equivocal reports. 
In 9 patients who had disease in the nodes taat were 
not demonstrated by the lymphogram but who had 
negative para-aortic and iliac nodes, as in the 3= patients 
who had no demonstrable abdominal disease at lapa- 
rotomy, incorrect lymphographic reports (Table 3) 
were more common than in the 20 with para-aortic and 
iliac node involvement. There were 12 patients with 


TABLE 3. Lymphogram and Biopsy Results Com Ëared 


Patients with Biopsy-Positive Para-Aortic and/or Iliac Nodes (20) 





Lymphogram 
Positive 15 
Negative 3 
Equivocal 1 
Not Done l 


Patients with Biopsy-Negative Para-Aortic and/or Iliase Nodes (43) 


Lymphogram 
Positive 12 
Negative 27 


Equivocal 4 
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(26) (36) 


Fic. 3. Weights of diseased and normal spleens in patients with 
Hodgkin’s disease. 


false positive reports and 4 patients with equivocal 
reports. 

In two patients the spleen was the only site of 
abdominal Hodgkin’s disease, but in 24 others both the 
spleen and some of the lymph nodes contained disease. 
Our earlier report!” describing the results of laparotomy 
in the staging of Hodgkin’s disease emphasized the 
difficulty in assessing involvement of the spleen from 
its size and gross appearance at operation. Figure 3 
illustrates the scatter of spleen weights, both diseased 
and normal, in 62 patients. The relationship to the pre- 
operative spleen scan to subsequent involvement at 
biopsy is shown in Table 4. The spleen was normal 
in 4 patients who had other sites of intra-abdominal 
disease. 

The liver was less commonly involved. When this 
organ contained foci of Hodgkin’s disease we usually 
found disease in the spleen and lymph nodes as well, 
although in one patient the lymphoma was limited 
to the liver and lymph nodes. In this group of 63 pa- 


TABLE 4. A Comparison of Spleen Scans and Involvement in 62 


Patients 
Condition of 


Spleen scan Spleen scan 





spleen Number positive negative 
Diseased 26 16 10 
Normal 36 Fi 19 
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tients, 15 had Hodgkin’s disease in the liver. Several other 
patients had granulomatous changes of questionable 
significance in the liver. 


Conclusion 


In our experience, an adequate lymph node biopsy 
is essential for the complete assessment of all pat ents 
submitted to laparotomy for the staging of Hodgkin's 
disease. Without this careful dissection, foci of intra- 
abdominal disease may be missed in a significant 
number of patients. 


Summary 


This paper describes a technique of lymph node 
biopsy in the staging laparotomy for Hodgkin's disease 
and stresses the concept of routinely biopsying the 
retroperitoneal lymph nodes which lie in a T-shaped 
pattern, as well as nodes from the small bowel mesentery. 

In a selected group of 63 patients, the staging lapa- 
rotomy confirmed the presence of intra-abdominal 
disease in 31; in 29 of these, the lymph nodes biopsied 
contained evidence of Hodgkin's disease. In 9 of the 
patients with intra-abdominal lymph node involvement, 
tumour was found only in lymph nodes not demon- 
strated by the lymphogram, namely the nodes lying 
along the superior border of the pancreas and/or the 
nodes in the small bowel mesentery. To date the mtra- 
abdominal nodal involvement in these 9 patients has 
shown no predictable pattern with regards to associated 
disease in the spleen and liver. 

The lymphogram reports and operative findings were 
compared in these 63 patients. Some comments regarding 
the detectable splenic disease and liver involvement 
in these patients has been included in the discussion. 

We have concluded that an adequate lymph node 
biopsy using an established technique, which included 
biopsy of nodes not demonstrated by the lymphogram, 
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is essential to the complete assessment of patients sub- 
mitted to laparotomy, for the staging of Hodgkin's 
disease. 
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Excision of Melanoma Metastases to Lung: 


S MALIGNANT MELANOMA is considered one of the 

most lethal and capricious of cancers, it might ap- 

pear at first that the excision of its lung metastases is an 

unjustified gamble. To understand the rationale for 

this surgical aggression, the clinical nature of melanoma 
is reviewed. 

Although undoubtedly formidable, and desdite the 
present ignorance of the mechanisms that infl-ence its 
course, melanoma is not necessarily as deadly as is gen- 
erally believed. If a thorough wide removal of the pri- 
mary lesion is done, and the regional lymphatics remain 
uninvolved by metasases, the possibility for 5 year 
survival rises to 70%.?%?7.36 If the regional lymphatics 
are involved and are extirpated, either with er subse- 
quent to the excision of the primary tumor, there is at 
least a 40% chance for 5 year survival.** 

However, melanoma’s notoriety is not without founda- 
tion. It probably stems, in part, from its exceptionally 
unpredictable behaviour which often manifests itself 
in dramatic and antic ways. For instance, in some pa- 
tients it seems to be autonomous so that ve-y small, 
superficial lesions can give rise to widespread, vol- 
uminous metastases and overwhelm the patient in a 
short time. In others, there is apparently a balance 
struck between the tumor and the host thas can be 
maintained for 10 to 15 years or more, at which time 
the resurgence of the cancer can take place and progress 
inexorably to cause death. 

In still others, immuno-forces presumably may become 
dominant and spontaneous disappearance of many far- 
flung metasases occurs, although this is rare. ™25.35,43,44 
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Because the mechanisms governing the interplay of 
host resistance and tumor dissemination are as yet not 
understood, only tentative opinions can be held about 
attributing beneficial results to any specific measures, 
or even as to whether melanoma can ever be considered 
permanently cured. 

Should blood-borne spread occur, it is usually omin- 
ous. However, on occasion, instead of multiple metas- 
tases, a solitary focus seems to be present and single 
lesions of this type have been excised from the liver, 
brain?’ and intestines.?® 

If a thorough investigation fails to uncover other 
metastases, it is conceivable that this one is all that 
remains of active melanoma within the body; con- 
sequently, it may be of value to eradicate it. 

Several methods are available to help achieve this 
purpose; radiation therapy only occasionally can pro- 
duce local tumor response and is mainly used to relieve 
pain from osseous deposits; chemotherapy* given 
either systemically or by local perfusion, sporadically 
retards the growth and diminishes the size and extent 
of metastases, but this benefit is usually transient; 
immunotherapy is being investigated but it is too early 
to judge what contribution it might make to resolving 
this problem.** 

In 1936, Arce* excised a solitary pulmonary melanoma 
metastasis. The length of his patient’s survival is not 
known. In 1939, Ochsner and DeBakey’ and in 1942, 
Carlucci and Schleussner!® reported having performed 
simple pneumonectomies for this condition. These pa- 
tients died postoperatively. In the former case, the pri- 
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mary melanoma was in the right eye which had been 
enucleated 23 years beforehand; no tumor source was 
ever demonstrated for the latter patient. This last is not 
uncommon, for the primary site of melanoma can be 
so cryptically placed as to defy discovery even at 
autopsy.7131.52.3° Tt may possibly have been a rare con- 
dition of primary melanoma of the lung.*4! Another 
case was reported in 1941 from Massachusetts General 
Hospital but the length of survival is not known.'° In 
1950, Creech’s patient had a simple pneumonectomy 
for a metastasis that involved the main stem bronchus 
and there was no recurrence when the report was made 
7 months later.2° Since then, there have been occasional 
references devoted specifically to the removal of mela- 
noma metastases to lung.':**"* Most reports include a 
few patients with this tumor as part of a broader study 
of the subject of excised pulmonary metastases." 


Clinical Material 


Through 1970 at Memorial Sloan-Kettering Cancer 
Center, approximately 2500 patients with melanoma 
were seen. The first melanoma metastasis to the lung 
was removed in 1949. 

From 1949 through 1970, there has been a total of 
29 patients who have had varying types of pulmonary 
resections performed for this condition in an effort 
to extend survival. It is probable that many more pa- 
tients with this problem may have been eligible for 
thoracic surgery which was not done because some 
staff physicians felt more pessimistic than others about 
the potential benefit of such procedures. These apera- 
tions are to be distinguished from those in which many 
metastases were found and only one was selected for 
biopsy to establish or confirm histologic diagnosis. 

There was complete follow-up on all patients. 


Age and Sex 


There were 17 males and 12 females. At the time of 
pulmonary resection, their ages ranged from 24 to 
68 years with an average age d 46. Eighteen patients 
were over 40. 


Symptoms 


Nine patients had symptoms, some of which were 
multiple. These included: hemoptysis, cough, “cold,” 
pneumonia, sweats, anorexia, weight loss and pain in 
chest. 


X-rays 


Twenty patients had no thoracic symptoms: in ten 
of them, the opacities were detected by routine follow-up 
roentgenography (5 solitary and 5 multiple); in ten 
others, the x-rays were taken as part of an investiga- 
tion for suspected extrathoracic recurrences. 
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Intervals 


All pulmonary metastases were metachronous and 
appeared from 18 months to 16 years after treatment 
of the primary melanoma. Of the 29 patients, 3 were 
free of metastases for less than two years; 16 from two 
to five years; and 10 for more than five years; 5 of 
these had a free interval of more than ten years. Of these 
10, 6 were solitary and 4 were multiple. 


Bronchoscopy and Cytology 


Thirteen patients with solitary metastases were 
bronchoscoped. Twelve had negative findings, and 
biopsy and cytological studies of the remaining patient 
showed melanoma. 

Four patients with multiple metastases were broncho- 
scoped. Two biopsies showed melanoma and one of 
these had cytologic evidence of this tumor. 


Surgical Procedures 


There were 8 wedge resections (2 patients with 
solitary and 6 with multiple metastases); 8 segmental 
(5 with solitary and 3 with multiple lesions); 9 lobec- 
tomies (one of which was for multiple metastases ) 
and 4 pneumonectomies. Seven of the lobectomies 
were radical; one was performed for unilateral multiple 
metastases. The 3 radical pneumonectomies were per- 
formed for solitary metastasis because of (a) exten- 
sive involvement of the right upper lobe bronchus; 
(b) involvement of the hilum; (c) a large mass in 
the right lobe which also invaded the right middle 
and right lower lobes. One radical pneumonectony 
was performed for multiple metastases, one in each 
lobe with pericardial involvement. 


Distribution and Lymph Node Involvement 


Eighteen patients had unilateral solitary pulmonary 
metastasis; in 5 others, metastases were unilateral and 
multiple, and 6 patients had bilateral multiple lesions. 
Of these 6 patients, three had synchronous metastases 
and 3 were metachronous with each other. 

When possible, the regional lymphatics of the lobe 
or lung containing a metastasis were examined for 
daughter, or second generation, metastases. Apparently 
this additional spread frequently occurs in melanoma. 
Although a specific analysis of lymph nodes in 9 out 
of 29 patients in this study showed regional lymphatic 
involvement by metastases, it is probable that even 
more were present because, at first, no extra effort was 
made to remove these nodes for biopsy. 

Five of 18 patients with solitary metastasis and 4 
of 11 patients with multiple metastases had pulmonary 
lymphatic involvement. Of the 5 with solitary metasta- 
sis, 2 had hilar and mediastinal involvement; 2 hilar; 
l hilar and periesophageal. Of the 4 with multiple 
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Fic. la. (left) (L.A.) PA 
view showing right me- 
diastinal lymphadenop- 
athy deviating trachea 
to left. 

Fic. lb. (right) (L.A.) 
PA view 3 years later 
showing surgical clips, 
trachea in midline; right 
paratracheal fibrosis. 
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metastases, 2 had positive hilar and mediastinal lymph 
nodes; 1 with subpleural lymph nodes and 1 with hilar 
lymph node involvement. 


Survival after Excision 


Of the 29 patients, 19 died within 2 years after pul- 
monary excision; 9 patients had solitary and 10 had 
multiple metastases. Six patients survived 2-5 years, 
one with multiple metastases. Of 12 patients who had 
their pulmonary excisions 5 or more years aco, 4 are 
alive and free of disease. 


Case Report 


(L.A.) One other experience with intrathoracic melanoma is 
pertinent. A 58-year-old male had an excision elsewhere of a 
primary melanoma of the skin of the right arm in Febriary, 1968. 
Eleven months later, at this institution, he had a rizht radical 
axillary lymph node dissection for multiple lymph node metastases. 
At the same time, a chest x-ray revealed ipsilateral mediastinal 
lymphadenopathy (Fig. la, 1b). At exploratory thoracotomy, no 
parenchymal lesions were found, However, there were l»mph nodes 
2 to 4 cms. in diameter in the right superior mediastirum around 
the trachea and between it and the esophagus and superior vena 
cava. There were also enlarged nodes in the peribrenchial and 
subcarinal areas. A mediastinal lymphatic dissection was performed 
and subsequent histological studies showed that all lymph nodes 
except for the subcarinal group, contained metastases. The patient 
has survived for 34 months and is without evidence of pulmonary 
recurrence. This unusual case history is another example of the 
surprisingly beneficial consequences that occasionally easue follow- 
ing the extirpation of melanoma metastases whenever and where- 
ever possible, 


Separate Primary Lung Cancers 


During the period covered by this report, 5 patients 
had separate primary lung cancers. In 3 patients, these 
were discovered 9, 10 and 12 years after the melanoma 
had been excised. In this latter group, symptoms alone 
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prompted taking the chest X-ray and the subsequent 
investigation which led to the diagnosis. Unfortunately, 
by that time, all 3 patients were inoperable. 

In 2 patients, melanoma was synchronous with the 
lung cancer. In these patients, the pulmonary lesions 
were discovered as part of a preoperative work-up. 
In each instance, the shadow was assumed to be a 
metastasis. One showed anaplastic epidermoid carcinoma 
and the other, adenocarcinoma. The epidermoid car- 
cinoma (Fig. 2) was excised 3 weeks after the resection 








Fic. 2. (P.P.) Shadow in right lung which proved to be epider- 
moid carcinoma synchronous with skin melanoma. 
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Fic. 3. (H.B.) Shadow in left lung of melanoma patient which 
proved to be a hamartoma. 


of a cutaneous melanoma en bloc with its axillary 
lymph nodes. This patient died of melanomacosis 
shortly after discovery of these lesions. The diagr osis 
of the second patient’s lung cancer was by exfol ative 
cytology. He died 9 months later of melanom atosis 
after receiving radiation therapy. 

Despite the fact that the 5 lung cancer patients did 
not survive for long periods, they serve as graphic 
examples of the potential for multiple primary cancers 
in one individual. 


Benign Lung Tumor 


A 63-year-old male had a melanoma of the skn of 
the abdomen removed with a simultaneous ‘ight 
axillary and inguinal lymphatic dissection (negative for 
metastases). Four years later, a routine chest X-ray 
(Fig. 3) revealed an opacity in the left lung. This was 
removed by wedge excision and proved to be a havar- 
toma. 


Discussion 


The appearance of a solitary opacity in the chest 
X-ray of a patient either synchronous or metachroacus 
with an extrathoracic cancer is not uncommon and 
there are many reports describing various aspects of its 
management.?;°5"?} 

Years ago, when an opacity of this type was discovered, 
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it was assumed to be a metastasis and as such, the 
visible representative of other cryptically-placed me- 
tastases elsewhere. It was also believed to be the first 
evidence of many more deposits that would inevitably 
appear. With the maturation of thoracic surgery, more 
attempts were made to extirpate these lesions.” As a 
result, it became evident that the shadow did not 
always prove to be a metastasis, as originally supposed, 
but instead was a new primary lung cancer (particularly 
in patients over 40) or a benign lung condition. 

This was the experience at this institution where over 
125 solitary lung metastases have been excised that 
originated from virtually all areas of the body. In this 
same period, over 451 adult patients have had a new 
primary cancer of the lung (Fig. 4), either synchronous 
or metachronous with a cancer at another site. In 
addition, we have collected 12 cases with extrathoracic 
cancer in which the solitary lung shadow proved to be 
benign:'! 9 were hamartomas; one each was a dermoid 
cyst, a granuloma and a fat pad. 

This surgical aggression for a solitary pulmonary 
metastasis has resulted in an unexpectedly high 5 year 
survival rate of 36%. For those who had a second 
new primary cancer of the lung removed, this rate was 
26%. 

Undoubtedly, the surgical approach to these enigmatic 
lesions has gained increasing acceptance; nevertheless, 
there are still those who are hesitant to advise opera- 
tion as an initial step in their management. To some 
extent, this attitude is attributable to a reluctance to 
put a patient through the pain, risk and expense of a 
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surgical procedure believing it to offer so little prospect 
of reward. 

Instead, any conservative alternative is embreced, so 
that when this condition is detected, the patient may 
just be observed and treated symptomatically or 
given radiation and/or chemotherapy. Then # these 
fail, excision may be tried. 

However, the data of this and other studies dem- 
onstrate that the basic principle which holds ‘rue for 
other cancers, also applies to melanoma. In this report, 
6 melanoma patients had a pulmonary shadew that 
was called a “metastasis” by the radiologist, but proved 
to be a new primary cancer of the lung in 5 imstances 
and in the sixth, it was a hamartoma. Furthermore, 
even if the shadow did prove to be a metastas s, there 
is no reason for defeatism sufficient to negate surgical 
aggression since 4 out of 12 melanoma patients survived 
whose pulmonary excisions were done five or mcre years 
ago. 


Management 


In this series, 9 patients developed metastases 6 to 
16 years after their primary melanoma had been excised. 
This demonstrates that the usual guideline for cancer 
control, the so-called five year cure, does not nezessarily 
apply. 

To insure proper survelliance, a systematic follow-up 
program must be maintained. The optimum interval 
between examinations is, at best, arbitrary, but to some 
extent is determined by actuarial statistics. These show 
that the probability of metastasis is highes- within 
two years after detection of the primary cancer. Con- 
sequently, we believe that for the first year, monthly 
examinations should be made: for the second year, 
these should be bi-monthly; and after that, they should 
be done at least three to four times a year antil the 
fifth anniversary has been reached. From then on, 
semi-annual examinations are maintained indefinitely 
with particular attention directed to evidence st ggesting 
lung, lymph node or hepatic metastases. 

As an integral part of follow-up, posterc-anterior 
and lateral chest x-rays should be taken 3 times a year 
for 2 years and semi-annually thereafter; sooner if 
symptoms warrant. Fluoroscopy should not be used 
for screening lungs as it is inadequate for detecting 
small opacities and is an impermanent record‘? Chest 
roentgenograms are essential to the care of tke cancer 
patient as the lungs are common sites for metastases. 
Two out of 3 patients in this group were asymptomatic 
and their metastases were detected by routine chest X- 
rays. Once a pulmonary shadow is detected it is essential 
to obtain an orderly progression of roentgerographic 
studies: (1) Previous chest X-rays for comparson; (2) 
Stereoscopic views in the postero-anterior and occa- 
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sionally in the lateral projections; (3) Tomograms—these 
can delineate equivocal shadows and have uncovered 
otherwise invisible opacities; (4) Chest fluoroscopy with 
barium opacification of the esophagus to show medi- 
astinal abnormalities such as enlarged lymph nodes. 
Other studies such as skeletal surveys are done as in- 
dicated. 

Laboratory studies are done to detect disseminated 
disease. However, although certain abnormal blood 
chemistries, liver and bone scans may raise the suspicion 
of visceral or skeletal metastases, they are not, of them- 
selves, totally reliable indices of the presence or absence 
of metastasis, having often been misleading in both di- 
rections.*” As a consequence, it is unwise to decide upon 
a course of action based solely upon any one laboratory 
finding; instead, all studies should be evaluated in the 
clinical context. 


The only trustworthy arbiter of these equivocal 
settings is microscopic analysis. Consequently, every 
effort should be made to obtain histologic confirmation 
of a suspected metastasis. Exfoliated cells in sputum 
and/or bronchial washings can help distinguish the 
nature of the opacities, even if they are metastases.*:7 
If the cells are of lung origin, they can establish the 
presence of a new primary cancer of that organ. 

Bronchoscopy with biopsy, when feasible, is recom- 
mended for those whose symptoms suggest bronchial 
involvement! such as productive cough. It is also 
used for centrally-placed lesions and for peripheral 
shadows that are 2 cms. or larger. 

Scalene lymph node biopsy is done only if the lymph 
nodes in that area are palpable. Mediastinoscopy and 
aspiration biopsies are done only in selected situations. 
These preliminary studies take only a few days to 
complete. If the diagnoses remains in doubt, or if, in 
the aggregate, the studies fail to reveal any incon- 
trovertible evidence of extrathoracic spread, an ex- 
ploratory thoracotomy should be done. 


Surgical Management 


In these settings, and subject to the patient’s general 
condition, the extent of pulmonary resection depends 
upon whether the lesion appears to be peripheral 
or central, solitary or multiple, unilateral or bilateral. 

At exploratory thoracotomy, a solitary peripheral 
lesion that can be encompassed by a wedge or seg- 
mental resection is initially excised for tissue diagnosis. 
If it proves to be a melanoma metastasis, or a primary 
lung cancer, a radical lobectomy is completed.!?-+° 
This procedure is recommended because at least 9 (31%) 
parenchymal melanoma deposits in this series showed 
daughter metastases to the regional lymphatics. For 
the same reason, should a metastasis (or a primary 
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lung cancer) involve the main stem bronchus or 
extensively invade more than one of the major _obes, 
a radical pneumonectomy is recommended.” 

This concept is given further emphasis in that two 
of the four 5-year survivors herewith reported had 
metastases in the hilar and mediastinal lymph nodes 
in the radical lobectomy specimens. Wedge and seg- 
mental resections are now reserved for poor risk pa- 
tients. All of the 5-year survivors had an excision of a 
solitary metastasis. It should be noted that all had 
positive regional lymph node involvement in the 
primary. Beyond this, the analysis of their case his-ories 
fails to reveal any clinical features in common which 
would have foreshadowed or explained the beneficial 
results, The interval between the primary cancer and 
the appearance of its metastasis is often considered by 
some to betoken a decreased or increased proba dility 
of survival: i.e., the shorter this interval, the less likely 
the chance for control; the longer, the better. However, 
in this study, this correlation did not occur. Of the 5- 
year survivors, 4 had metastases removed 3, 4, 42% 
and 12 years after removal of the primary sourc2. In 
4 other patients, the fact that a shadow appeared as 
long as 11, 12, 15 and 16 years after the primary lesion, 
did not seem to enhance survival and these patients 
lived only for 3, 19, 25 and 28 months respectively 
following pulmonary surgery. In them, the reappearance 
of the melanoma seemed to signal a breakdown of 
resistance to the disease and melanomatosis oceurred 
thereafter. 

It would appear that most patients who are going 
to succumb to melanoma after the excision of its pul- 
monary metastases, either solitary or multiple, will do 
so within two years.”° Therefore, the prospect of survival 
is encouraging for two additional patients whose sol tary 
deposits were excised 33 and 35 months ago and who 
show no evidence of recurrence at present. 


Multiple Metasases 


The value of excising more than one metastasis is still 
being investigated. These deposits have to be few enough 
so that, by their removal, the lung seems clear of cancer 
yet remains a well-functioning organ. 

In this series of melanomas, when ipsilateral mal*iple 
lesions were found (arbitrarily no more than 4 to 5), 
one was excised for frozen section and if it proved 
to be a metastasis, all others that could be encompassed 
by wedge resections were similarly removed, unless 
confined to one lobe, when a radical lobectomy or a 
radical pneumonectomy was done. 

One of 6 melanoma patients who had excisions for 
multiple unilateral metastases lived for more then 2 
years. Six patients had bilateral pulmonary metastcses; 
3 synchronous and 3 metachronous with each other 18:2? 
Four had unilateral excisions and 2 bilateral excisions 
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Fic. 5. (P.M.) Enlargement of unresected bilateral melanoma 
metastases. Eventual encroachment on the right hilum. 


(5 weeks and 5 months apart and died 11 and 25 
months postoperatively respectively). Although these 
figures appear discouraging for prolonged survival, 6 
patients had no subsequent pulmonary recurrence and 
therefore might be said to have had palliation achieved 
by delaying or preventing the eventual encroachment 
of the metastases upon the intrathoracic structures 
(Fig. 5). 

With such an extraordinarily unpredictable disease 
as melanoma, and with so few cases to analyze, it is 
only possible to theorize at present as to whether a 
contribution was made to survival, not only by excision 
of the pulmonary metastases but also by the additional 
lymphatic dissection. However, it is not unreasonable to 
suppose that the removal of as much tumor as possible 
wherever and whenever it is feasible, is to be preferred 
to leaving it in place. 

Undoubtedly, further experience is needed to deter- 
mine whether this extra effort is justifiable. 


Summary 


From 1949 through 1970 at this institution, 29 pa- 
tients had excision of pulmonary melanoma metastases in 
an effort to extend survival. Eighteen of the metastases 
were solitary and 11 were multiple. Twenty of 29 patients 
were asymptomatic and their opacities were discovered 
by routine chest X-rays. A variety of procedures was 
performed depending upon the location and number 
of metastases. Secondary involvement of the regional 
lymphatics of the lung was noted in over 31%. Of 12 
patients who had their pulmonary metastases excised 
five or more years ago, 4 are alive and without evidence 
of recurrence. All had solitary lesions. Two of them 
had involved pulmonary regional lymph nodes which 
were removed as part of a radical lobectomy. The interval 
between the primary cancer and its pulmonary metas- 
tasis did not appear to be a factor influencing survival. 
A solitary lung shadow in a melanoma patient is a 
diagnostic dilemma that can be resolved only by 
microscopic analysis. This basic principle was demon- 
strated by 18 cases where it proved to be a metastasis. 
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In 5 others it was a primary cancer of the lung and in 
one other patient, it was a benign tumor. Any attitude 
that delays extirpation of solitary lesions is unwarranted, 


since histologic confirmation is needed to  nstitute 
appropriate therapy. 
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The Effects of Transarterial Left Ventricular Bypass 
on Hemodynamics cf the Failing Left Ventricle in Sheep 


VER THE PAST FIFTEEN YEARS a variety of methecs has 
been developed to assist the failing left vertricle.* 
Left heart bypass has the advantage that the left side of 
the heart can be decompressed directly. Effective de- 
compression is considered important because it decreases 
cardiac irritability! and pulmonary venous congestion. 
A small heart pumps more efficient than a dilated one 
and if the left ventricle is emptied, myocardial oxygen 
consumption decreases.” 

In 1965, a cannulation technique was developec which 
made closed-chest left ventricular bypass practical.* A 
wide bore, thin-walled cannula is inserted into the left 
ventricle via a carotid artery, past the aortic valve Blood 
is removed from the ventricle with a roller pump and 
returned via a femoral artery (Fig. 1). During expe “iments 
on dogs and sheep, it was established that 1) left ven- 
tricular output can be substituted and circulation can be 
maintained even during heart standstill;* 2) the aortic 
valve remains competent; coronary flow is not impaired; 
the bypass only seldomly causes arrythmias and the left 
ventricular endocardium is undamaged, or only slightly 
damaged;™!® 3) experimental left ventricular failure with 
shock can be treated effectively in closed-chest degs with 
recovery of heart function.” Others independent y dem- 
onstrated that in dogs the circulation can be maimtained 
during ventricular fibrillation.® 

The purpose of this study is to determine the extent of 
left ventricular decompression that can be achieved with 
transarterial left heart bypass in sheep where left ven- 
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tricular function is compromised by ligation of coronary 
arteries. 


Materials and Methods 


Ten Columbia sheep, weighing 40-65 kgs, were fasted 
for 48 hours and anesthetized with intravenous sodium 
methohexital and Scopolamine. After endotracheal in- 
tubation, respiration was controlled with an Engstrom 
respirator (TV 600 ml., frequency 16 per minute, room 
air) and anesthesia was continued with Halothane. 

The right carotid artery was dissected for insertion 
of the left ventricular bypass cannula, a catheter was 
inserted via the external jugular vein into the right 
atrium (RA) for pressure recording (RAP). The chest 
was opened through the fifth intercostal space on the 
left side. Catheters for pressure measurement were in- 
serted into the left atrium (LAP), left ventricle (LVP), 
and aorta (AP). A cannula for blood return of the by- 
pass was inserted into the aortic arch. An electromagnetic 
flow probe (Biotronex Lab, Silver Springs, Maryland) 
was fitted over the pulmonary artery or the aortic root. 
The hemodynamic parameters were recorded simul- 
taneously with the electrocardiogram (lead aVL) on an 
8 channel recorder (Sanborn, Waltham, Massachusetts ). 
Pressures were measured with Statham (Hato Ray, 
Puerto Rico) transducers. Arterial blood samples were 
obtained throughout the experiments for determination 
of hematocrit, oxygen saturation (American Optical 
Corp., Bedford, Massachusetts ) and pH (Astrup, Radi- 
ometer, Copenhagen, Denmark). 


Transarterial Left Ventricular Bypass (Fig. 1) 


Equipment and technic of transarterial left ventricular 
bypass (LVB) have been described in detail previ- 
ously." The flexible left ventricular cannula is fabricated 
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axillary artery 


Fic. 1. Transarterial closed- 
chest left ventricular bypass. 
Blood is removed from the left 
ventricle with a wide bore, 
thin-walled flexible - cannula 
which is inserted via the right 
carotid or axillary artery. The 
blood is returned with a roller 
pump to the systemic circula- 
tion via a femoral artery. 






intiow caennuts 
in fernoral eriery 


from polyurethane (Estane, 5701 Fl, Goodrich) rein- 
forced with glass fibers (Owens Corning). For tke pres- 
ent experiments a 7.0 mm OD, 0.3 mm wall thckness, 
45 cm long cannula was used which allows a mzeximum 
blood flow of 7.2 L/min. For blood return, a 24 French 
Bardic cannula was used. The two cannulas were con- 
nected with a 6 foot %” ID Silastic tube which was 
mounted in a roller pump (Travenol, 5M 6002). The 
pump removed blood from the LV and returned it to the 
aorta. Bypass flow was measured with an electromagnetic 
flow-through probe. The left ventricular cannula was in- 
serted via the right carotid artery. 


Experimental Procedure and Interpretation of Data 


Before insertion of cannulas and catheters, the sheep 
were heparinized (2 mg per kg BW). Control daza were 
obtained before, during and after LVB. Next left ven- 
tricular function was compromised by ligation cf coro- 
nary arteries. 

First connecting branches between the anteror and 
posterior descending arteries were tied at the apex, then 
branches of the left anterior descending artery were li- 
gated from distal to proximal. The bypass was started 


TRANSARTERIAL LEFT VENTRICULAR BYPASS 
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when left ventricular failure occurred and if it remained 
stable for 5 minutes. 

Failure was defined to be present when LAP rose 
above 5 mm Hg, cardiac output (aortic or pulmonary 
flow ) decreased and RAP remained unchanged in the ab- 
sence of serious arrythmias. LAP was observed to be 
equal to LVP end diastolic and since LAP could be 
measured more accurately, only this parameter will be 
reported. Moderate amounts of fluids were supplied only 
to compensate for blood loss, vaso-active drugs were ad- 
ministered occasionally to facilitate defibrillation. 

Failure periods were divided into groups based on LAP 
because the main goal of the experiments was to de- 
termine the capability of LVB to decompress the left 
side of the heart: Group I, LAP was 5-10 mm Hg; Group 
II, LAP 10-20 mm Hg; Group III, LAP greater than 20 
mm Hg. LVB was applied for 5-10 minutes and data 
were recorded before, during and after bypass. This pro- 
cedure was repeated once. If the LV failure remained 
stable or had improved, another coronary branch was 
tied and LVB was started if LAP increased further. 

Bypass was applied for the short periods mentioned 
only because no further gain for the experiments was 
expected from continuation of the assist. F easability of 
prolonged transarterial closed-chest LVB has been dem- 
onstrated before.’* Further changes in LAP can be ex- 
pected only if blood flow reaching the left atrium would 
exceed the maximum capacity of the LV cannula (7 
L/min) which, in view of previous data, would be un- 
likely to occur. The study of short bypass periods on the 
other hand, has the advantage that the experimental pro- 
cedure can be repeated frequently, 


Results 


Control hemodynamic parameters were obtained suc- 
cessfully from 7 sheep (Table I). In the remaining three, 
LAP was higher than 5 mm Hg after monitoring ap- 
paratus was positioned so that they were considered to 
have developed LV failure. During bypass, mean LAP 
and LVP-systolic decreased by 1.1 and 28 mm Hg. AP 
increased 6 and RAP increased 0.6 mm Hg. Total systemic 


TABLE 1. Control, Left Heart Bypass and Post Bypass Va ues of Left Atrial (LAP), Systolic Left Ventricular (LVP-systolic), Arterial (AP) 
and Right Atrial Pressure (RAP) 1nd Flows in the Aorta, Pulmonary Artery, and Bypass. 


Se A A a a E a 


LAP LVP AP 

Mean Systolic Mean 
Stage (mm Hg) (mm Hg) (mm Hg) 
Control 4.2 117 &1 
Bypass 3.1 89 &7 
Post Bypass 4.3 115 78 


Flow A Flow P Flow B 
(1/min) (l/min) (l/min) 
RAP (3 sheep) (4 sheep) (7 sheep) 
Mean Mean Mean Mean 
(mm Hg) (Range) (Range) (Range) 
2.6 P i 2.6 0 
(2.4-3.7) (2.1-3.3) 
EME 0.1 7 3.4 
(0.1-0.3) (2.5-4.1) (2.7-4.2) 
a 2.8 2.8 0 
3-3.4 1-3 
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TABLE 2. Distribution of Failures and Their Grouping Acording to 
Left Atrial Pressure (LAP) of all Sheep 


(Numbered 1-10), Wath Totals. 








Groups based on Sheep number 


LAP range 














(mm Hg) 123 4 56 7 8 9 WW Total 
Group I—10 4-5 4 82 1 = @ 3 2 +S Ja 
Group II—10-20 131 4211011 6 5 4 
Group IITI—20 j ee oh ae CE 
ace en Am nee Een eee een 
Total LV failure 
periods 79 5 16 3 5 19 16 10 © 100 





flow was slighly higher during bypass than be-cre or 
after. The aortic flow probe indicated the same value 
whether the LVB cannula was inserted or not. 

A total of 100 LV failure periods were stud ed. In 
some sheep, failure occurred after one coronary artery 
was tied, in others only after all branches were ocel ided. 
The distribution of the failures over the 10 sheep ¿rd the 
LAP ranges are presented in Table 2. The low rumber 
of failures studied in sheep 3, 5 and 6 was releted to 
technical difficulties with monitoring equipment. 

Ventricular fibrillation occurred 7 times (Table 3). 
Once, it was caused by too vigorous suction at the LV 
cannula tip, otherwise it followed upon coronary liga- 
tion. During fibrillation the circulation could be nain- 
tained but bypass flow was 33% lower than the mcan by- 
pass flow of all failures. 

Defibrillation was successful at the first attempt in 5 
cases. In two, a second attempt was necessary which was 
preceeded by the injection of 1 ml 1:1000 of adrer aline 
into the LV. 

In Group I, 38 failure periods were studied Table 
4). During bypass, LAP and LVP systolic deca ased 
by 5.7 and 29.7 mm Hg, AP increased 20.6 mm Hg and 
RAP remained unchanged. The total flow to the ¿rterial 
system (flow pulmonary artery or flow aorta — flow 
LVB) increased from 1.7 to 2.4 L/min. Following by- 
pass, these values returned to near control-failure l-vels. 
A typical example of the effects of LVB on LV fa lnre is 
presented in Fig. 2. 

Group II contained 44 failures (Table 4). During 
bypass LAP and LVP systolic decreased by 107 and 
33.6 mm Hg, AP increased 36.3 mm Hg. Total fb v in- 


TABLE 3. Left Atrial (LAP), Systolic Left Ventricular (L rP-systolic) 


ZWART AND OTHERS 


Ann. Surg. « Dec. 1973 


creased with 1.4 to a mean of 3.2 L/min. Following by- 
pass LAP was slightly lower and LVP-systolic and AP 
somewhat higher than pre-bypass levels. 

Eighteen failures were studied in Group HI. During 
bypass, mean LAP and LVP-systolic decreased by 17.6 
and 42.2 mm Hg, AP increased 25.8 mm Hg. Total flow 
increased with 1.5 to 2.6 L/min. RAP decreased 1.4 
mm Hg. Following bypass LAP was 6.2 mm Hg lower 
than before bypass and LVP-systolic and AP were 7.8 
and 10.8 mm Hg higher. Total flow was unchanged and 
RAP was slightly lower. 

The ECG showed changes typical for ischemia in the 
anterior and lateral LV myocardium. Arrythmias did not 
occur in relation to cannulation or bypass except in the 
one case mentioned. 

The mean hematocrit was 28% (range 22-31), arterial 
oxvgen saturation was over 90%, mean pH was Loe 
(range 7.35-7.59). The sheep were not given sodium 
bicarbonate. The rectal temperature remained between 
36.8°-39.2°C. The end-insipiratory pressure did not 
change during the experiments and was below 28 cm 
H.O in all cases. 

At direct observation of the heart, the left ventricle was 
dilated, blue and had adynamic areas in the anterior and 
lateral wall after coronary ligation but before bypass, 
especially if LAP was over 20 mm Hg. As LVB was 
started, LV size decreased, the color turned bright and 
dark red and adynamic areas started contracting. After 
the bypass was stopped, the heart dilated again within 
9-3 minutes. 


Discussion 

It is generally agreed that the following effects are de- 
sirable for an assist device: 1) increase flow of oxygen- 
ated blood to the arterial system which restores the pa- 
tient frorn shock; 2) improve coronary flow, usually by 
increasing the pressure in the aortic root; 3) decrease 
left ventricular distension and work load. 

Counterpulsation, (such as aortic balloon pumping), 
increases AP during diastole and thereby improves coro- 
nary flow, it decreases AP during systole, thus unloading 
the heart.’ If this results in better cardiac performance, 
left ventricular output will increase and shock will be 
restored, It follows that the LV has to perform at least 


_ Arterial (AP) and Right Atrial Pressure (RAP) and Bypass Flow 


During Ventricular Fibrillato1. Mean values of seven periods of Fibrillation. 














LAP Lar 
Mean Sys olic 
(mm Hg) (mn Hg) 
Ventricular febrillation 
(7 instances) 0.5 o 








AP RAP Flow 
Mean Mean Mean 
(mm Hg) (mm Hg) (l/min) 
53.6 112 1.8 
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TABLE 4. 


Group I—10 mm Hg 
LA Range 


TRANSARTERIAL LEFT VENTRICULAR BYPASS 


Group II—10—-20 mm Hg 
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Effects of Tmansartertal Left Ventricular Bypass (LVB) on Three Groups of LV Failure.* 


Group III—20 mm Hg 








— LV Post LV Post LV Post 

Stage Failure Bypass Bypass Failure Bypass Bypass Failure Bypass Bypass 
LAP—mean 9.4 ae | 9.5 14.0 a0 12.8 22.4 4.8 16:2 
LVP—systolic 81.2 51.5 84.7 74.1 40.5 75.9 = 15.0 65.0 
AP—mean 51.3 71.9 54.8 46.3 82.6 50.5 45.0 70.8 55.8 
RAP—mean S E i < i 3.9 J:i a | 5.8 4.4 4.5 
Flow—mean Lad 2.4 Oe 1.8 F2 1.8 1.1 2.6 13 


* Refer to Table 2 for distribution. For control data see Table 1. 


so much work to produce an increased cardiac output 
and that the assist is ineffective during asystole amd ven- 
tricular fibrillation. 

Cardiopulmonary bypass, if performed via peripheral 
cannulation without thoracotomy, can divert part of the 


40r 


200r 





ap or PAE 


Fic. 2. Left atrial (LAP), arterial (AP), right atrial (RAP), and 
left ventricular pressure (LVP) (mm Hg), electrocerdiogram 
(ECG, lead aVF), flow bypass (QB) and aorta (QA) (L/min) 
during left ventricular failure (QB = zero), during byoass (QB 
— on) and after bypass (QB = zero). Paper speed 25 and 0.25 
mm/sec. 


venous blood, which, after being oxygenated, is re- 
turned to systemic circulation. But some of the venous 
blood escapes cannulation and reaches the left heart. In 
addition, blood from the bronchial arteries flows to the 
left atrium. The bypass presumably increases AP and 
thereby improves coronary flow. The LV, however, then 
faces a higher than previous after-load. This can ag- 
gravate LV failure rather than improve it.* The bypass 
has the advantage that the circulation can be maintained 
during heart standstill. However, during such circum- 
stances, LVP may rise to 30-40 mm Hg.’ 

Left ventricular bypass increases flow to the systemic 
circulation and thereby restores shock. As AP rises, coro- 
nary flow improves. It is of advantage that artificial 
oxygenation is not necessary. The data obtained from 
the present experiments indicate that prior to bypass, 
LV failure was indeed present (as compared to control 
data, LAP had increased and pulmonary or aortic flow, 
LVP-systolic and AP simultaneously decreased while 
RAP changed only little). As bypass was switched on, 
the left ventricle and atrium were immediately and in- 
variably decompressed ( LAP, and thus LVP end-diastolic 
fell to normal) and circulation was improved (bypass 
flow higher than pre-bypass cardiac output, AP increased 
Fig. 3). It is of special importance to note that during 
bypass, LVP-systolic fell to levels well below AP, indicat- 
ing that the left ventricle did not pump blood. It can be 
expected that during such circumstances, myocardial 
oxygen consumption decreases significantly.2 The more 
severe the failure, the more pronounced was the latter 
effect (Group III). It remains to be determined whether 
further changes would take place if bypass were pro- 
longed beyond the short periods it was applied during 
these experiments. 


Summary 


A practical method has been developed to bypass the 
left ventricle without thoracotomy. A wide bore, thin- 
walled flexible cannula is inserted into the left ventricle 
via the right carotid or axillary artery. Blood is removed 
from the ventricle and returned to the systemic circula- 
tion via a femoral artery with a blood pump. The method 
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is called Transarterial Closed-Chest Left Ventricular By- 
pass. 

The effects of the bypass on left ventricular failure 
were studied in 100 instances. Failure was produced 
by ligation of coronary arteries. Before bypass, mean 
left atrial pressure was 15.3 mm Hg, left ventricular 
systolic 70.8 and arterial pressure 47.5 mm Hg. During 
bypass, they changed to 3.6, 36.3 and 68.4 mm Hg. 
Mean systemic flow before bypass was 1.5 L/min. dur- 
ing bypass, it was 2.7 L/min. Right atrial pressure re- 
mained normal. The more serious the failure, the more 
pronounced were these effects. Ventricular fibrillation 
occurred 7 times, the bypass maintained mean arterial 
pressure at 53.6 mm Hg and kept left atrial and left 
ventricular pressure at atmospheric pressure. Bypass 
flow was 33% lower than with the beating heart. Defbril- 
lation could be accomplished without difficulties. 

With transarterial left ventricular bypass, the failing 
left ventricle could be decompressed effectively and by- 
passed completely, and circulation could be improved. 


LAP AP Q 


LVP 





Fic. 3. Left atrial (LAP), left ventricular systolic (LVP) and 
arterial pressure (AP) (mm Hg) and total flow (Q, flow pulmo- 
nary artery or flow aorta + flow bypass in L/min) after left ven- 
tricular failure was produced (left circle in each panel), Curing 
left ventricular bypass (middle circle) and after bypass | right 
circle). Mean values of 100 failure periods. 


ZWART AND OTHERS 


L, 


bo 


10. 


11. 


13, 


. Goldfarb, D.: 


. Lefemine, A. A. and Harken. D. E.: 


. Moulopoulos, S. D., Topaz, S. and Kolff, W. J.: 


. Zwart, 


Ann. Surg. « Dec. 1973 


References 


Chardack, W. M., Gage, A. .A, McRonald, R. E. and 
Souther, S.: Fibrillation in Empty and Loaded Ventricles. 
Arch. Surg., 93:795, 1966. 


. Dennis, C., Hall, D. P.: Moreno, J. R. and Senning, A.: 


Reduction of Oxygen Utilization of the Heart by Left 
Heart Bypass. Circ. Res., 10:298, 1962. 

Mechanical Circulatory Assist Techniques in 
the Treatment of Cardiogenic shock. J. Surg. Res., 9:494, 
1969, 

Extracorporeal Support 
of the Circulation by Means of Venoarterial Bypass with 
an Oxygenator: Case Study of Eight Patients in Shock. 
J. Thor, Cardiovasc. Surg., 62:769, 1971. 

Diastolic 
Balloon Pumping in the Aorta: Mechanical Assistance to 
the Failing Circulation. Amer. Heart J., 63:669, 1962. 


. Schuhmann, R. E., Geddes, L. A. and Hoff, H. E.: Prolonged 


Left Ventricular Bypass by Transvalvular Aortic Catheteri- 
zation. I. Physiologic Effects and Rationale of Surgical Con- 
cept. Surg., 67:957, 1970. 


. Torresani, J., Jausseran, ]. M., Dupont, G., Watel, J., Fornaris 
pod > ? > > 


E., Henry, E and Jouve, A.: Assistance Cardiaque Par De- 
viation Veinoarterielle Pulsée. Arch. Mal. Coeur, 62:1144, 
1969. 

H. H. J.: Complete Left Heart Bypass Without 
Thoracotomy, an Experimental Study in Dogs. Thesis. 
S.O.L. Offsetdruk, Amsterdam, the Netherlands, December, 
1966. 

Zwart, H. H. J., Kralios, A., Collan, R. and Kolf, W. J.: 
Transarterial Closed-chest Left Ventricular (TaCLV) By- 
pass. Trans. Amer. Soc. Artif. Int. Organs, 16:57, 1970. 

Zwart, H. H. J., Kralios, A., Collan, R. and Kolff, W. J.: 
Transarterial Closed-chest Left Ventricular Bypass and 
Coronary Flow (abstr. ), Proc. 8th ICMBE 26-7, 1969. 

Zwart, H. H. J.: Closed-chest Left Heart Bypass as a Treat- 
ment for Myocardial Infarction with Shock Following 
Embolization of the Left Coronary Artery in Dogs. Arch. 
Chir. Neerl., 21:207, 1969. 


_ Zwart, H. H. J.. Kralios, A. C., Kwan-Gett, C. S., Backman, 


D. K., Foote, J. L., Andrade, J. D. and Kolff, W. J.: Trans- 
arterial Closed-chest Left Ventricular Bypass for Desperate 
Heart Failure. J. Assoc. Adv. Med. Instr., 5:44, 1971. 

Zwart, H. H. J., Kralios, A. and Kolff, W. J.: Transarterial 
Closed-chest Left Ventricular Bypass (abstr. ), Circulation 
40: (4), suppl. III, 222, 1969. 





ordain abscess 
or tumor ?* 





V20 UDIS-IPƏW 


IN aNy Case... 
when nutitional 
supplementation 
is INdicated 

after surgery 


Berocca is 


tablets 


With balanced, high potency B-complex Indications: Nutritional supplementation in condi- 








therapy 





. : tions in which water-soluble vitamins are required 
and C vitamins...No odor... . orophylactically or therapeutically. 
Virtually no aftertaste... Lowest priced Warning: Not intended for treatment of pernicious 
Rx formula anemia or other primary or secondary anemias. 


Neurologic involvement may develop or progress, 
despite temporary remission of anemia, in patients 
Please see complete product information, with pernicious anemia who receive more than 0.1 
a Summary of which follows: mg of folic acid per day and who are inadequately 
treated with vitamin Bio. 


Each Berocca Tablet contains: Dosage: 1 or 2 tablets daily, as indicated by 


Thiamine mononitrate (Vitamin B,)......... 15mg clinical need. 

Riboflavin (Vitamin B>)...... ae: -. 15mg Available: In bottles of 100 and 500. 
Pyridoxine HCI (Vitamin Bg)....... |. .. 45mg 

Niacinamide....................... ct an TOO MO 

Calcium pantothenate.......... . .. 20mg 

Cyanocobalamin (Vitamin B;>).....__. .. Smeg 

FONG ACIG « o.s4-05n esha tna cs 8 ean . 05mg 

Ascorbic acid(VitaminC)......... etane s DOO MO ROCHE LABORATORIES 


Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 


‘ULOS ueq 

uo dnyoId pasesJoul ue sAib Aew 1əec uiesq-poojq əy} Bunayje uoisə| Auy 'Sı}ıp1eoopuə 
[€119}92q W014 |OQUS PS}OSjU! O} Aepuooəs eDejewojeydavuə snou! SAISUB}X9 

sey jusijed Əy ‘UO!Hed ezed Əy} u! ƏYL-dAN paseaJou! JO ease UL SƏJLIJSUOWƏP ULIS ueq 
UOISNSd |e19}e7 (g) ‘Seyoueg je1qə139 Əjppiu Əy} JO UO zo Buro uəəs SI wSNUL 
91}00ÁW y "|B4JGS199 Əjppiu Əy} JoSSYOUeIG HUIDUBOSe BU} JO 2WOS JO BOUaSAP UUM 








on the surgical service... 





h UP, 5 a = 
f i } “N MAAA p s 
t i oe & A ; 
A n S a 
M ht D 
3 d d 


more than 10 years of clinical experience * 





Keflin LV. 


sodium cephalothin 


2 Gm.” in 190-ml. ampoule 


for sepsis and 
peritonitis’ 


Over the years, Keflin has been, and 
continues to be, a logical choice of surgeons 
for the treatment of sepsis and peritonitis 
with or without septicemia or shock when due 
to susceptible strains of Klebsiella, Escherichia 
coli, and Proteus mirabilis. Since the 
introduction of Keflin, the susceptibilities of 
these commonly encountered organisms, as 
measured by in-vitro methods, have not 
changed significantly. Keflin is contraindicated 
in persons who have shown hypersensitivity to 
cephalosporins and should be given cautiously 
to patients allergic to penicillin. 


The prompt administration of Keflin has 
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proved to be useful in the hospital for the 
treatment of sepsis,t particularly if shock is 
present or impending. Furthermore, it may even 
be administered to: 


e patients with impaired renal function, at 
reduced dosage 


e patients with low host resistance 
e those with coexisting complications, such 
as malnutrition, trauma, and malignancy 


*equivalent to cephalothin 
tdue to susceptible strains of Esch. coli, Pr. mirabilis, 
and Klebsiella 


* Keflin was made available for clinical investigation 
early in 1962 and was marketed on September 4, 1964. 
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tivity to cepnalosporins. 


Warnings: B= -ORE CEPHALOTHIN THER- 
APY IS INSTT UTED, CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVI- 
OUS HYPERSENSITIVITY REACTIONS TO 
CEPHALOSFCRINS AND PENICILLIN. 
CEPHALOSPCRIN C DERIVATIVES SHOULD 
BE GIVEN CAJTIOUSLY IN PENICILLIN- 
SENSITIVE PATIENTS. 

SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER BVERGENCY MEASURES. 

There is some evidence of partial 
cross-allergericity of the penicillins and 
the cephalcsporins. Severe anaphylac- 
toid reactions have been reported with 
both drugs. 

Patients with allergy and hypersensi- 
tivity shou dreceive antibiotics cau- 
tiously and only when necessary. 

Usage in Pregnancy—Safety for use 
during pregnancy has not been estab- 
lished. 


Precautior = Patients should be fol- 
lowed carefully to detect any side- 
effects or drug idiosyncrasy. If an al- 









lergic reaction occurs, discontinue the 
drug and treat the patient with usual 
agents. 

Although alteration in kidney func- 
tion is rare, evaluation of renal status 
is recommended. Patients with im- 
paired renal function should be placed 
on a reduced dosage schedule to pre- 
vent excessive serum concentrations. 
Consult prescribing information. 

If thrombophlebitis or superinfection 
occurs, take appropriate measures. A 
false-positive reaction for glucose in the 
urine has been observed with some 
tests but not with Tes-Tape® (urine 
Sugar analysis paper, Lilly). 


Adverse Reactions: Maculopapular rash, 
urticaria, pain, induration, tenderness, 
elevation of temperature, reactions re- 
sembling serum sickness, anaphylaxis, 
eosinophilia, drug fever, neutropenia, 
thrombocytopenia, hemolytic anemia, 
thrombophlebitis, transient rise in 
SGOT and alkaline phosphatase, rise in 
BUN, decreased creatinine clearance, 
and a positive direct Coombs test have 
been reported. [071873] 


on the surgical service... 





Keflin I.V. 


sodium cephalothin 


2 Gm* in 100-ml. ampoule 


* equivalent to cephalothin 





_— lOyears of 


clinical 
.. experience 


Additional information 
available to the 
profession on request. 


y Eli Lilly and Company 
k Indianapolis, Indiana 46206 





: _@ o g9 @ ATE. 
situatio constipation: laxation: 
Post-operative ...recent surgery...  Constipazing analgesics and sedatives... Gentle and predictable with 

a: still confined to bed... immobilization...reduced food and fluid colon-specific SENOKOT Tablets/ 
á or restricted ambulation... intake... constipation common... fecal Granules. Virtually free from side 
impaction a threat to be avoided... effects in appropriate dosage. 


Supplied: SENOKOT Tablets 
(small, easy-to-swallow)—Bottles 
of 50 and 100. SENOKOT 
Granules (delicious, cocoa- 
flavored)—4, 8 and 16 ounce 


a Senokot 


(standardized senna concentrate) 


.. Tablets/Granules 







f `anatural laxative 


Purdue Frederick 


À COPYRIGHT 1973, THE PURDUE FREDERICK COMPANY 
ORWALK, CONN. 06886 A7033 128773 





A.R.D® 


STERILE 


It holds in place with buttock pressure 
alone. So the unique, anatomically-shaped 
A.R.D. dressing makes changing far 
easier, makes the patient more comfort- 
able. Soft and lint-free with a non-stick 
surface, yet highly absorbent to perspira- 
tion, woùnd exudates and watery fecal 
discharge. An excellent vehicle for topical 
medication. Supplied ‘sterile in dispenser 
nest of 24 dressings. Write for a free clini- 


cal trial supply. Pat. No. 2,742,042 Re. 24,385 





ler FULLER LABORATORIES, INC. 
Eden Prairie, Minnesota 55343 


SIMPLE! QUICK! ACCURATE! 









PADGETT-HOOD 


ELECTRO - DERMATOME 


Gives uniform grafts up to 4 inches in 
width, and to any length. The Surgeon, 
using but one hand, can operate this 
lightweight instrument without assist- 
ance. EXPENDABLE KNIFE BLADE 
does not require tools. Handy switch is 
located on motor so that the Surgeon 
ean control it with his index finger. En- 
tire unit can be autoclaved. Guaranteed, 











For Complete Information Write 





PADGETT DERMATOME DIVISION 
3953 BROADWAY/KANSAS CITY, MO. 64111 


CHANGE OF ADDRESS 





Change of Address: Please allow 60 days 
before date of issue for change of address. 
Notification should include the old as well 
as the new address, with indication of 
whether the change is temporary or per- 
manent. Please give the name of the Jour- 


nal. 


Send Change of Address cards to: 


ANNALS OF SURGERY 
c/o Fulfillment Manager 
East Washington Square 


Philadelphia, Penna. 19105 


For severe gram-positive an 
anaerobic infections 








*due to susceptible organisms 


More than 40 investiga-ors participated in initial clinical and bacteriologic 
studies of Cleocin PO. Becavse it is a parenteral antibiotic, the emphasis was on 
evaluation of Cleocin PO, in serious gram-positive coccal and anaerobic infections. 
Although there were some cases of mild, uncomplicated infections, most patients 
were hospitalized and were judged to be moderately to critically ill. 

Diagnoses included septicemia and septic shock, acute peritonitis, staphy- 
lococcal pneumonia, and massive wound infection. In many cases the infection 
was secondary to severe accicental trauma, major surgery, or debilitating disease. 

Specifically, Cleocin PO, has demonstrated antibacterial activity and 
clinical efficacy in moderate to severe infections due to susceptible strains of the 


following microorganisms: 


® 


Staphylococci — (Staphylococcus aureus and 
S. epidermidis including both penicillinase- and non- 
penicillinase-producing strains.) 

Septicemia, infections of soft tissue, skin, u>per and 
lower respiratory tract. 


3 


Streptococci— (Streptococci except Streptococcus 
faecalis.) 

Septicemia, infections of soft tissue, skin, upper and 
lower respiratory tract. (Injectable benzathine penicillin 
is considered to be the drug of choice in treatment and 
prevention of streptococcal pharyngitis and in long-term 
prophylaxis of rheumatic fever. Cleocin PO; is effective in 
the eradication of streptococci from the nasopharynx; 
however, data establishing the efficacy of Cleocim PO, in 
the subsequent prevention of rheumatic fever are not 
available at present.) 

















Pneumococci — Upper and lower respiratory 
infections. 





Anaerobic bacteria — (Including species of 
Bacteroides, Fusobacterium, Propionibacterium, Eubac- 
terium, Actinomyces, Peptococcus, Peptostreptococcus, 
microaerophilic streptococci and Clostridium.) 

Septicemia; intra-abdominal infections such as 
peritonitis and intra-abdominal abscess; infections of the 
female pelvis and genital tract such as endometritis, 
nongonococcal tubo-ovarian abscess, pelvic cellulitis and 
postsurgical vaginal-cuff infection; empyema, anaerobic 
pneumonitis, lung abscess; skin and soft-tissue infections. 


For further prescribing information, please see last 
page of this advertisement. 


Cleocin PO4 





clindamvcin chosohate iniectian | Iniahn 








There are good reasons to consider Cleocin Phos- 
phate (clindamycin phosphate injection) as the initial 
drug when indicated in moderate to severe infections 
caused by susceptible strains of staph, strep** and 
pneumococci. 

Clinically and bacteriologically, clindamycin ha: 
proved effective in patients with penicillin-resistant 
staphylococcal infections. Cleocin POs is effective agaimst 
penicillinase-producing staphylococci. However, orga- 
nisms resistant to clindamycin have been encountered and 
sensitivity testing should be performed. 

Cleocin POs, is useful in patients who are sensitiv2 
to penicillin. Rare cases of sensitivity to clindamycin 
resulting in maculopapular rash and urticaria have been 
reported and, as with all antibiotics, it should be used 
cautiously in atopic patients. SERIOUS ANAPHYLAC- 
TOID REACTIONS REQUIRE IMMEDIATE EMERGENCY 

TREATMENT WITH EPINEPHRINE. OXYGEN AND 
INTRAVENOUS CORTICOSTEROIDS SHOULD ALSO 
BE ADMINISTERED AS INDICATED. However, clinda- 
mycin’s only demonstrable cross antigenicity is with 
lincomycin. Thus it can fill a need for both penicillin- 
sensitive patients and those with penicillin-resistant 
pathogens. 


Useful as initial therapy .. 
with a bonus. Cleocin POs is 
indicated for more than the treat- 
ment of susceptible gram-positive 
organisms? It has the bonus of 
activity against anaerobes. For these 
obscure and potentially lethal 
pathogens, it may merit early 
consideration. 


Anaerobes: ubiquitous 
opportunists. Anaerobes are the 
dominant population group among 
the resident flora of the human 
body. They are abundant in the 
oropharynx, female genital tract, erd 
inthe gut where they constitute 9=% 
of normal fecal flora, outnumbering 
Escherichia coli 1,000 to 1. 

Except for Clostridium, which became notorious 
during World War I, anaerobes have often been dismissed 
as harmless saprophytes. Only recently have they begun to 
be recognized as a major source of serious infection. 

When trauma, surgery, or weakened bodily defenses 
allow them to spill into the peritoneal cavity, or invade tae 
bloodstream or compromised tissue, they can become 
lethal opportunists. 





**Injectable benzathine penicillin is considered to be the drug of cho ce 
in treatment and prevention of streptococcal pharyngitis and its 
long-term prophylaxis of rheumatic fever. 


For further prescribing information, please see last page of this advertisement. 


An injectable antibiotic 
for staph, strep, pneumoc 


occi... 


*susceptible strains of the 
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When the medium has no 
message. Anaerobes are the most 
easily missed category of poten- 
tially pathogenic bacteria. Often 
their presence can only be inferred 
when a lesion that shows abundant 
bacteria on a Gram-stained slide 
yields an apparently sterile culture 
with routine aerobic methods. 

Anaerobes require meticulous collection and special 
culture techniques. Even a brief exposure to air can kill 
many of them. Most are fastidious, and they may require 
as much as ten days' incubation to reveal their presence. 
Insome busy laboratories, plates are discarded prematurely; 
in others, anaerobic cultures are rarely even made. 





The problem of Bacteroides. Bacteroides are the 
most numerous of the anaerobic bacteria and the ones 
most frequently found in clinically significant anaerobic 
infections. Bacteroides species have been identified in 
approximately half of surgical infections caused by 
anaerobic organisms. 

Although most Bacteroides species are sensitive to 
penicillin, a frequent exception is Bacteroides fragilis— 
the most commonly encountered pathogen in the genus. 
This, the most prevalent of anaerobic pathogens, has 
remained the most difficult to eradicate. Despite anti- 
biotic therapy, Bacteroides septicemia has proved fatal in 
30% to 40% of patients afflicted. 


A eamniete hihlinoranhv is available from The Upiohn Company. 


and anaerobes 


pathogens indicated above 


Improving the odds against anaerobes. n 
anaerobic infections the therapeutic significance o- 
Cleocin PO, (clindamycin phosphate injection) is best 
recognized in the context of the seriousness of many of the 
infections successfully treated. All but one of the cHnically 
and bacteriologically evaluatable patients in the pæ- 
introductory study group had moderate to severe infections. 
Most had one or more complicating illnesses and, in many, 


POTENTIAL ANAEROBIC INFECTIONS 


dental infections 


empyema 
pneumonitis 
lung abscesses 


@ 


host defenses were severely compromised by traumatic 
injuries, neoplastic disease, or radical surgery. 

Anaerobic infections developed in many as a sequel 
to massive abdominal gunshot or stab wounds, multiple 
fractures, or surgery of the gastrointestinal or fema e 
genital tract. 

Clinical diagnoses included septicemia, deer 
abscesses of the lungs and various sites in the abdominal 
cavity and female genital tract, and cases of peritor itis, 
empyema, endometritis, postsurgical vaginal-cuff mfec- 
tions and anaerobic pneumonitis. In many cases multiple 
antibiotic regimens, alone or in combination, had <ailed 
to control the infection before Cleocin PO, therapy-was 
initiated. 

Serum levels of clindamycin above the in vitro 
minimum inhibitory concentration for most indicated 
organisms can be readily achieved and maintainec. The 
minimum inhibitory concentration in vitro for anaerobes 
is generally 1.6 mcg/ml or less. 


When you suspect an anaerobe. Cleocin PO; 
(clindamycin phosphate injection) is demonstrably 
effective in anaerobic infections. But with or withcut the 
availability of effective antibiotics, the principal p-oblem 
in managing these infections is recognizing them. 

A questioning mind and a sensitive nose are -he 
first and second prerequisites, respectively. Deep necrotic 
lesions are a potential breeding ground for anaerobes, 
particularly if located near the oropharynx, the fermale 
genital tract, or the gut. Contamination from these areas 
enhances the risk of infection, as does compromised host 
resistance. A foul or fecal-smelling lesion or exudave 


suggests anaerobic infection. Organisms that are visible on 


the Gram-stained slide but fail to grow on convent:onal 
aerobic culture media may be anaerobes. 

As with any infection, specimens for culturirg and 
susceptibility testing should be collected before therapy 
begins. At present, since disc susceptibility testing with 
present methods is not reliable for anaerobes, in vitro 
dilution methods should be used to determine suscepti- 
bility. In severe anaerobic infections, treatment may be 
started before a definitive diagnosis is made. 

If it’s a gram-positive coccal infection, there aze 
several alternatives. 

If you suspect an anaerobe, consider Cleocin POs. 


Cleocin 


septicemia 


\ | peritonitis 


ae E intra-abdominal abscesses 





tubo-ovarian abscesses 
endometritis 
vaginal-cuff infections 


| deep infected wounds 


Predictable serum levels... 


predictably maintained. Cleocin PO, is a water-soluble 
ester of clindamycin and phosphoric acid which hydrolyzes 
into biologically active clindamycin base within minutes 
of infusion. Peak serum concentrations of active anti- 
biotic are reached in ten minutes following a 300 mg 
intravenous dose. With intra-muscular administration, 
peak levels are achieved within three hours in adults and 
one hour in children. 

Serum levels of clindamycin above the in vitro 
minimum inhibitory concentrations for most indicated 
organisms can be maintained by administration of clinda- 
mycin phosphate every 8-12 hours in adults and every 6-8 
hours in children, or by continuous intravenous infusion. 

Dosage schedules need not be modified in the pres- 
ence of mild or moderate renal or hepatic disease. However, 
patients with very severe renal disease and/or very severe 
hepatic disease accompanied by severe metabolic aberra- 
tions should be dosed with caution, and serum clindamycin 
levels monitored during high-dose therapy. Elevations of 
serum transaminases have been observed during therapy 
with Cleocin PO, (clindamycin phosphate injection). 

Cleocin PO, should not be injected intravenously 
undiluted as a bolus, but should be infused over at least 
10-60 minutes as directed in the Dosage and Administration 
section of the prescribing information. 


PO4 


® 





E cinadamycin phosphate injection, Uojohn 


FOR INTRAVENOUS AND INTRAMUSCULAR USE 


~- į Effective parenteral 
_ therapy against 
susceptible gram-positive 
cocci and anaerobes 





Each ml contains: 


clindamycin phosphate equivalentto.......... 150mg 

clindamycin base 
Bene BICONG «cs ersi es eo OEE eRe eeee Ser 5 mg 
Gish iii GUGtAIE. «25 a. oe 284k SE CREE Ses (.5 mg 
water forinjection......................0.. -. .qs 


When necessary, pH adjusted with NaOH and/or HCl. 


Description and Actions: Cleocin Phosphate (clindaarycin 
phosphate) is a water-soluble phosphate ester of c inda- 
mycin. Clindamycin is a semisynthetic antibiotic which 
has greater in vitro potency than the parent compound, 
lincomycin. While clindamycin phosphate is incctive, 
rapid in vivo hydrolysis converts it into the antibactenially 
active clindamycin. 

Indications: Cleocin Phosphate is indicated in the treat- 
ment of infections caused by susceptible strains of the follow- 
ing microorganisms: 

Streptococci: Upper respiratory-tract infections ( nject- 
able benzathine penicillin is considered to be the drug of 
choice in treatment and prevention of streptococcal phar- 
yngitis and in long-term prophylaxis of rheumatic fever. 
Cleocin Phosphate is effective in the eradication of strep- 
tococci from the nasopharynx; however, data establishing 
the efficacy of Cleocin Phosphate in the subsequert pre- 
vention of rheumatic fever are not available at present.); 
lower respiratory-tract infections; skin and soft-tissue in- 
fections; septicemia. 

Staphylococci: Upper and lower respiratory-tract infec- 
tions; skin and soft-tissue infections; septicemia. 

Pneumococci: Upper and lower respiratory-tract infec- 
tions. 

Anaerobic bacteria: Lower respiratory-tract infections 
such as empyema, anaerobic pneumonitis and lung a scess; 
skin and soft-tissue infections; septicemia; intra-abdominal 
infections, such as peritonitis and intra-abdominal <bscess 
(typically resulting from anaerobic organisms resident in 
the normal gastrointestinal tract); infections of the emale 
pelvis and genital tract such as endometritis, nongonccoccal 
tubo-ovarian abscess, pelvic cellulitis, and postsurgical 
vaginalcuff infection. 

Cleocin (clindamycin) is indicated as adjunctive tierapy 
in dental infections due to susceptible organisms. 

Bacteriologic studies to determine the causative organ- 
isms should be performed and their susceptibility to Cleocin 
tested. 

Contraindications: History of hypersensitivity to celinda- 
mycin or lincomycin. 


























Warnings: Usage in Pregnancy: Safety for use in pregnancy 
has not been established. 

Usage in Newborns and Infants: When clindamycin 
phosphate is administered toinfants, appropriate monitoring 
of organ system functions is desirable. Safety and appropri- 
ate dosages in infants less than one month old have not been 
established. 

Antagonism has been demonstrated between clindamycin 
and erythromycin in vitro. Because of possible clinical 
significance, these two drugs should not be administered 
concurrently. 

Serious anaphylactoid reactions require immediate 
emergency treatment with epinephrine. Oxygen and in- 
travenous corticosteroids should also be administered as 
indicated. 

Precautions: Prescribe with caution in atopic individuals. 
During prolonged therapy, periodic liver and kidney func- 
tion tests and blood counts should be performed. Use may 
result in overgrowth of nonsusceptible organisms— 
particularly yeasts. Should superinfections occur, adjust 
therapy as clinical situation dictates. Clindamycin phos- 
phate should not be injected intravenously as an undiluted 
bolus; it should be infused as directed in package insert. 
Patients with very severe renal disease and/or very severe 
hepatic disease accompanied by severe metabolic aberra- 
tions should be dosed with caution, and serum clindamycin 
levels monitored during high-dose therapy. 

Adverse Reactions: The following reactions have been 
reported in clinical studies with clindamycin phosphate. 
Local Reactions: Pain, induration, and sterile abscess have 
been reported after intramuscular injection, and throm- 
bophlebitis after intravenous infusion. Reactions can be 
minimized or avoided by giving deep intramuscular in- 
jections and avoiding prolonged use of indwelling intra- 
venous catheters. Gastrointestinal: The symptoms include 
nausea, vomiting, and diarrhea; relationship to parenteral 
clindamycin therapy is unknown. Hypersensitivity Reac- 
tions: Maculopapular rash and urticaria have been observed 
during drug therapy. If a hypersensitivity reaction occurs, 
the drug should be discontinued. Liver: Abnormalities in 
liver function tests (elevations of serum transaminases) 
have been observed during clindamycin phosphate therapy. 
Hematopoietic: Transient neutropenia (leukopenia) and 
eosinophilia have been reported; relationship to therapy 
is unknown. 

How Supplied: 2, 4, and 6 ml ampoules. 

For additional product information see your Upjohn 
representative. Caution: Federal law prohibits dispensing 
without prescription. 


Cleocin POa 


MED B-1 (MCP-2) J3349-9 


clindamycin phosphate injection, Upjonn 


FOR INTRAVENOUS AND INTRAMUSCULAR USE 


Upjohn | The Upjohn Company 
Kalamazoo, Michigan 49001 





Fourth Edition! 


SURGERY 


Principles and Practice 


By Jonathan E. Rhoads, M.D., D.Sc. (Med), J. Garrott Allen, M.D., 
the late Henry N. Harsxins, M.D., Ph.D., and Carl A. Moyer, M.D. 
With 36 Contributors 


Strengthened by complete updating, this 
revision emerges as the best o° the four 
editions of this classic. You'll find eight 
new contributors, two brand rew chap- 
ters and 106 new illustrations. 


The entirely new chapters refleet today’s 
achievements and directions ir surgery: 
Tissue and Organ Transplantetion and 
The Molecular Attack on Cancer. 


Chapters extensively revised include: 
Principles of Hand Surgery; Physiology 
of the Pituitary and Adrenal Glands; 
Military Surgery; Tumors of the 
Colorectum. 


Anatomic, pathologic, physiologic, and 
biochemical factors relevant te surgical 
practice are interwoven throughout, to 
foster accurate diagnosis and judicious 
operative and postoperative care. 


1864 Pages o 


[------------------ 


p------------- 


J. B. LIPPINCOTT COMPANY 
East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 





758 Illustrations 


This Fourth Edition continues to ad- 
vance its editors’ objectives: to explain, 
understandably and completely, the basic 
principles of surgery. 


FROM REVIEWS 
OF THIRD EDITION... 
“. . . the best textbook and general sum- 
mary of surgical practice that has been 
written.” 

—Surgery, Gynecology and Obstetrics 


“. . . Should be on the shelf of every 
aspirant for surgical approval. .. .” 
—Group Practice 
“. . . Should appear on the bookshelves of 
everyone interested in the overall subject of 
surgery.” —GP 


Ath Edition, 1970 e $24.00 
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KEFZOL“ 


STERILE CEFAZOLI 
SODIUM i 


Equrvalent to 


Cetozolin 





Lilly 
introduces 
anew 


ee -——— TM 
-= Kefzol 





cefazolin sodium 





Ampoules, equivalent to 250 mg., 500 mg., and 1 Gm. of cefazolin 





Its major 
areas of indication: 


respiratory tract infections 


due to susceptible strains of Diplococcus 
pneumoniae, Klebsiella species, Hemophilus 
influenzae, Staphylococcus aureus (penicill n- 
sensitive and penicillin-resistant), and groug A 
beta;hemolytic streptococci (Injectable 
benzathine penicillin is considered to be the 
drug of choice in the treatment and prevention 
of streptococcal infections, including the 
prophylaxis of rheumatic fever.) 


genito-urinary tract infections 


due to susceptible strains of Escherichia coli. 
Proteus mirabilis, Klebsiella species, and some 
strains of Enterobacter and enterococci 


skin and soft-tissue infections 

due to susceptible strains of Staph. aureus 
(penicillin-sensitive and penicillin-resistant) and 
group A beta-hemolytic streptococci and otk er 
strains of streptococci 


See prescribing information for additional indications 
and susceptible organisms. 


Kefzol is contraindicated in patients with known allergy to 


cephalosporins and should be given cautiously to penicillin- 


Sensifive patients. 


Some of its 
major features: 


therapeutic serum levels 


peak serum levels of 37.9 and 63.8 mcg./ml. 
respectively were obtained one to two hours 
following 500-mg. and 1-Gm. I.M. doses of 
cefazolin 


antibacterial urinary concentrations 


peak urine concentrations of approximately 2,400 
and 4,000 mcg./ml. respectively were obtained 
following I.M. doses of 500 mg. and 1 Gm. 


bile and synovial-fluid levels 


levels approximately one-half those of serum 
concentrations 


flexibility of administration 
usual adult dosage —500 mg. to 1 Gm. t.i.d. or q.i.d. 


Please see following page for prescribing information. 
301589 


Kefzol 


cefazolin sodium 


a new injectable antibiotic 


Description: Kefzol” (cefazolin sodium, 
Lilly) is a semisynthetic cephalosporin for 
parenteral administration. It is the sodium 
salt of 3- | [(5-methyl-1,3,4-thiadiazol-2-yl) 
thio]|methyl | -8-oxo7-{2-(1H-tetrazol-1-yl) 
acetamido]-5-thia-1-azabicyclo] 4.2.0] 
oct-2-ene-2-carboxylic acid. The sodium 
content is 46 mg. per gram of cefazolin. 


Actions: Microbiology — In-vitro tests 
demonstrate that the bactericidal action of 
cephalosporins results from inhibition of 
cell-wall synthesis. Kefzol is active against 
the following organisms in vitro: 

Staphylococcus aureus (penicillin- 
sensitive and penicillin-resistant) 

Group A beta-hemolytic streptococci 
and other strains of streptococci (many 
strains of enterococci are resistant) 

Diplococcus pneumoniae 

Escherichia coli 

Proteus mirabilis 

Klebsiella species 

Enterobacter aerogenes 

Hemophilus intluenzae 

Most strains of Enterobacter cloacae and 
indole-positive Proteus (Pr. vulgaris, 

Pr. morganii, Pr. rettgeri) are resistant 
Methicillin-resistant staphylococci, 
Serratia, Pseudomonas, Mima, and 
Herellea species are almost uniformly 
resistant to cefazolin. 


Indications: Kefzol is indicated in the 
treatment of the following serious infections 
due to susceptible organisms: 

Respiratory tract infections due to 
D. pneumoniae, Klebsiella species, 

H. influenzae, Staph. aureus (penicillin- 
sensitive and penicillin-resistant), and group 
A beta-hemolytic streptococci 

Injectable benzathine penicillin is 
considered to be the drug of choice in the 
treatment and prevention of strepto¢ occal 
infections, including the prophylaxis of 
rheumatic fever. 

Kefzol is etfective in the eradiction ot 
streptococci from the nasopharynx; 
however, data establishing the efficacy of 
Kefzol in the subsequent prevention of 
rheumatic tever are not available at present 

Genito-urinary tract infections due to 
Esch. coli, Pr. mirabilis, Klebsiella species, 














and some strains o Fnterobacter and 
enterococci 

Skin and soft-tis: w infections due to 
Staph. aureus (pem allin-sensitive and 
penicillin-resistant) and group A beta- 
hemolytic streptococci and other strains 
ot streptococci 

Bone and joint iat>ctions due to 
Staph. aureus 

Septicemia due c D. pneumoniae, 
Staph. aureus (peneallin-sensitive and 
penicillin-resistanty, Pr. mirabilis, Esch. coli, 
and Klebsiella species 

Endocarditis due to Staph. aureus 
penicillin-sensitive ¿nd penicillin-resistant) 
and group A beta-t emolytic streptococci 

Appropriate culu-e and susceptibility 
studies should be petormed to determine 
susceptibility of the causative organism 
to Ketzol” (cefaza@in sodium, Lilly 


Contraindication: <Æ ZOL IS CONTRAIN- 
DICATED IN PATIENTS WITH KNOWN ALLERGY TO 
THE CEPHALOSPORIN GROUP OF ANTIBIOTICS. 
Warnings: IN PENICIELIN-ALLERGIC PATIENTS, 
CEPHALOSPORINS £HOULD BE USED WITH 
GREAT CAUTION. THERE IS CLINICAL AND 
LABORATORY EVID NCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS, AND THERE ARE INSTANCES 
OF PATIENTS WHO HAVE HAD REACTIONS TO 
BOTH DRUG CLASS S(INCLUDING FATAL 
ANAPHYLAXIS AFTER PARENTERAL USE). 

Any patient whe bas demonstrated some 
form of allergy, pa-t cularly to drugs, should 
receive antibiotics ncluding Ketzol, 
cautiously and then only when absolutely 
necessary. Serious a aphylactoid reactions 
require immediate «emergency treatment 
with epinephrine. Oxygen, intravenous 
steroids, and airwe y Management, including 
intubation, shoulc ¿lso be administered 
as indicated. 

Usage in Pregnan ~y— Safety of this 
product for use during pregnancy has not 
been established. 

Usage in Infant: — Safety tor use in 

prematures and intents under one month of 
age has not been es ablished. 
Precautions: Prolonwed use of Kefzol may 
result in the overæ« wth of nonsusceptible 
organisms. Carefu clinical observation ot 
the patient is esse tial. 











When Ketzol is administered to patients 
with low urinary output because of impaired 
renal function, lower daily dosage is 
required (see dosage instructions). A false- 
positive reaction for glucose in the urine of 
patients on Kefzol has occurred with 
Clinitest * tablets solution. 


Adverse Reactions: The following reactions 
have been reported: 

Hypersensitivity— Drug fever, skin rash, 
vulvar pruritus, and eosinophilia have 
occurred. 

Blood— Neutropenia, leukopenia, 
thrombocythemia, and positive direct and 
indirect Coombs tests have occurred. 

Hepatic and Renal —Transient rise in 
SGOT, SGPT, BUN, and alkaline phosphatase 
levels has been observed without clinical 
evidence of renal or hepatic impairment. 

Gastro-Intestinal— Nausea, anorexia, 
vomiting, diarrhea, and oral candidiasis 
(oral thrush) have been reported. 

Other—Pain at the site of injection after 
intramuscular administration has occurred, 
some with induration. Phlebitis at the site 
of injection has been noted. 


Administration and Dosage: Ketzol may be 
administered intramuscularly or 
intravenously after reconstitution. 

Dosage— In adults, usual dosage for mild 
gram-positive intections is 250 to 500 mg. 
of Kefzol every eight hours. In acute 
uncomplicated urinary tract infections, a 
dosage of 500 mg. every eight hours is 
usually adequate. In moderate or severe 
infections, the usual adult dosage is 500 mg. 
to 1 Gm. of Kefzol every six to eight hours. 
Kefzol has been administered in dosages 
of 6 Gm. per day in serious infections such 
as endocarditis. Kefzol may be used in 
patients with reduced renal function with 
the following dosage adjustments: In 
patients with mild to moderate impairment 
creatinine clearance of 60-40 ml./min.), 

60 percent of the normal daily dose given in 
divided doses q. 12 h. should be sufficient. 
In patients with moderate impairment 
(creatinine clearance of 40-20 ml./min.), 

25 percent of the normal daily dose given in 
divided doses q. 12 h. should be sufficient. 
In patients with marked impairment 
creatinine clearance of 20-5 ml./min.), 

10 percent of the normal daily dose given 
q. 24h. should be adequate. All dosage 
recommendations apply after an initial 
loading dose of 500 mg. 

In children, a total daily dosage ot 25 to 
50 mg. per Kg. (approximately 10 to 20 mg. 
per pound) ot body weight, divided into 
three or four equal doses, is effective for 
most mild to moderately severe infections. 
Total daily dosage may be increased to 100 
mg. per Kg. (45 mg. per pound) of body 
weight for severe intections. Since safety for 
use in premature infants and in infants 
under one month has not been established, 
the use of Kefzol in these patients is not 
recommended 


How Supplied: Ampoules Ketzol ” 
(cefazolin sodium, Lilly), Sterile, equivalent 
to 250 or 500 mg. cefazolin, 5-ml. size, 
rubber-stoppered; equivalent to 1 Gm. 
cefazolin, 10-ml. size, rubber-stoppered. 


Lilly 
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to the profession on request. 


Eli Lilly and Company 
Indianapolis, Indiana 40206 
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Injection: 250 mg., 500 mg. and 1 gram 
are ia Please see brief summary of prescribing 
alo: Information on last page of this advertiseme 





















i Vi Offers the convenience of I.M. or I.V. administration. 
Pain on injection is infrequent with ‘Ancef’. 
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‘(CEFAZOLIN SODIUM 


By either route... 
‘ANCEFP’ produces high blood levels. 


eS et ee 
following a 500 mg. I.M. injection, a serum level of 36.8 ac./ml 
was achieved at 1 hour; a level of 3.0 ug./ml. was ia mein- 
tained at 8 hours 


‘ANCEF’ Indications 


Respiratory tract infections due to D. pneu- 
moniae, Klebsiella species, H. influenzae, 

S. aureus and group A beta-hemolytic pa COCCI. 
Genitourinary tract infections due to E. co 

P. mirabilis, Klebsiella species and some strains 

of enterobacter and enterococc| 


Skin and soft-tissue infections due to S. au eus, 
group A beta-hemolytic streptococci and other 
strains of streptococci. 

Bone and joint infections due to S. aureus. 
Septicemia due to D. pneumoniae, S. aureus 

P mirabilis, E. coli and Klebsiella species. 
Endocarditis due to S. aureus and group A beta- 
hemolytic streptococci. 

Appropriate culture and susceptibility studies should be 


performed to determine Susceptid lity of the causative 
organism to Ancef 


‘ANCEF’ is bactericidal against the 
following organisms in vitro: 
Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant) 


Group A beta-hemolytic streptococci and 
other strains of streptococc 
(many strains of enterococci are resistant) 





Diplococcus pneumoniae Klebsiella species 


Escherichia coll = Aann tat aerogenes 

Proteus mirabilis Hemophilus influenzae 
Most strains of Enterobacter cloacae and indole-pos 

Proteus (P vulgaris, P morgani, P. rettgeri) are resistant 
Methicillin-resistant staphylococci, serratia, pseudomor as 


mima. herellea species are almost uniformly resistant c Ancet 
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ANCEF aaa cefazolin sodium 
has produced no nephrotoxicity 


in extensive clinical trials. 


(Transient rise in SGOT. SGPT, BUN and alkaline phos 
phatase levels has been observed without clinical evidence of 
renal or hepatic impairment.) 


Adverse Reactions 


Adverse reactions reported in the clinical trials included: pain 
on injection, rash, G.I. symptoms, pruritus and phlebitis. For 
a complete list of adverse reactions associated with ‘Ancef 
therapy please see brief summary of prescribing information 
on last page of this advertisement 


‘ANCEP'’ Clinical Efficacy 





Number of % “Good” or 

Site of Infection Patients “Excellent” Response* 
Respiratory Tract 377 93 
Genitourinary Tract 544 93% 
skin and Soft Tissue 122 84% 
Blood and Lymph 69 81% 
Bone and Joint 35 80% 
Miscellaneous and 

Multiple Site 34 85 





The preceding results were collected from identical clinical 
protocols with comparable criteria of efficacy 


*Excallent: Initial improvement at 1-3 days with maximum 


Improvement between 3-7 days. Good: Initial improvement 
at 2-4 days with maximum improvement between 4-10 days 


See following page for a brief summary of prescribing infor 
mation including contraindications, warnings, precautions 
and dosage 











Before prescribing see complete prescribing informatior K Gel necessary. oe! is anaphylactoid reactions require immediate 
hterature mergency treatment with epinephrine. Ox ygen, intravenous 
DESCRIPTION teroids, and airway management. including intubation, should also 
Ancef~ (sterile cefazolin sodium. SK&f 3 semi synthet eph be administered as indicated 
sporin for parenteral adn tration Itis the sodium salt of 3 aa iA fety of this product for use during pregnancy 
nel l-1 3 4-thiadiazo r tiniojmetl xX ( 1H-tetr Nas nott N EStadl hed 
1-yl) acetamido \-thia-1-azabicyclol 4 t ene art vvl Usage in Infants: : fety tor use in premature ind infant inder 1 
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Diplococcus pneun iC Kle eilla Species ution 
Escherichia coli Enterobacter aerogene ADVERSE REACTIONS 
Proteus mirabili Her pi NiuenZzae The following reactions h > Dee n reported 
Most strains of Enterobacter cloacae and indole positive Prot Hypersensitivity: Drug oa. r, Skin rash, vulvar pruritus, and 
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Staphylococci =>rratia. pSseudomonas. mima. Nereliea Specie ie Blood: Neutropenia leukopenia, thrombocythemia and positive 
almost uniformly resistant to cefazolin direct and indirect Coombs tests have occurred 
INDICATIONS Hepatic and Renal: Transient rise in SGOT SGPT, BUN and alkaline 
Ancef (sterile cefazolin sodium. SK&t \dicated in the treatment of phosphatase levels has been observed 
the following serious infections duet isceptible organisn Gastrointestinal: | Jausea. anorexia, vomiting. diarrhea, oral can 
Respiratory tract infections due to Diplococcus pneu 1 didiasis (oral thrush) have been reported 
Klebsiella species. Hemophilus influenzae, stapnhy IT EUS Other: Pain at site of injection after intramuscular administration has 
penicillin-sensitive and penicillin-resistant). and groupA t xcCurred ‚me with induration. Phiebitis at site of injection has been 
hemolytic streptococ. noted 
Injectable benzathine penicillin onsidered to be the drug of choice DOSAGE AND ADMINISTRATION 
in treatment and prevention of strept »ccal Infections. including ncef may be administered intramuscularly or intrave nously after 
the prophylaxis yf rh matic fever Ancef is effective in the erad ca reconstitution 
tion of streptocor from the nasool nx: nowever, Cala t 191-SN Dosage 
ng the efficacy of Ancef inthe sut uent prevention of rheurr air In adults. usual dosage for mild gram-positive infection 250 mg 
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hemolytic strepto ind other : f streot renal function with the following dosage adjustment n patients 
bites . ; PERNT À with mild to moderate impairment (creatinine clearance of 60-40 
Bone and joint infections due to Staphylococcus aureu 
, i mi mir pí f the normal daily dose given in divided doses q 12h 
Septicemia due to Diplococcus pneumoniae, slaphy! hould be sufficient. In patients with moderate impairment (creatinine 
aureus (penicillin-sensitive and penicillin-resistant), Prote MDE learance of 40-20 ml/min ) 25% of the normal daily dose given in 
E herichia « and Klebsiella specie vided doses ca12h should be sufficient. In patients with marked 
Endocarditis due to Staphylocor reus (penicillin-ser ind mpairment (creatinine clearance of 20-5 ml/min.) 10% of the 
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Effects of Gram Negative Endotoxemia on Myocardial 
Contractility in the Awake Primate 


THOMAS V. GEOCARIS, M.D.,* EDWARD QUEBBEMAN, M.D., 


(INCE WatsprEN?*17 described the specific stock syn- 
S drome associated with gram negative bacteremia 
in 1951, many investigators have added to the under- 
standing of the pathophysiologic mechanisms and ra- 
tionale for therapy. However, the findings concerning 
changes in myocardial contractility during endotoxemia 
remain controversial. Many of the studies introduced 
variables such as anesthesia, an open thorax, species 
differences, and isolated heart preparations.!+5.7-1013,18 
Our objective was to study the effects of endotoxemia 
on myocardial contractility in the awake, intact primate. 


Methods and Material 


Implantation of Ventricular Catheters. Six adult 
baboons (Papio doguera) weighing 12.8 to 18 2 kg were 
test animals. Through a lower median sternctomy, sili- 
conized, heparin-saline filled polyethylene catheters ( PE- 
350) were surgically implanted into the lef: ventricle 
through a puncture in the apical dimple. Catieter posi- 
tion and hemostasis were secured with a purse string 
suture around the puncture site. The free end of the 
catheter was ligated and left buried subcutareously be- 
low the xiphoid following closure of the sternctomy. The 
animals were then allowed to recover for 7 days. 

Pre-Study Preparation. On the day prior to study; 
siliconized polyethylene catheters (PE-240) were placed 
into the aortic arch and superior or inferior vena cava 
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via axillary or femoral cut downs under light phencycli- 
dinet tranquilizer 0.6 mg/kg. The ventricular catheter 
was exposed and the animal placed in a specially de- 
signed restraining chair and given an intravenous drip 
of 5% dextrose in 0.9 nortnal saline overnight. It has beer 
shown. by Herman® that unsedated baboons maintain 
normal blood gases for prolonged periods with this type 
of restraining chair. 

The following morning the animals were well- 
hydrated, awake, and alert. The aortic catheter was con- 
nected to a Statham P-23DB transducer and ECG elec- 
trodes were attached to the chest wall. A Statham SF-] 
catheter tip transducer (with a linear frequency response 
from 0 to 100 Hz.) was passed through the chronically 
implanted ventricular catheter into the ventricular cham- 
ber. The open end of the catheter tip transducer was 
then attached to a Statham P-23DB external transducer 
to provide for a drift free atmospheric zero reference. 
Prior to insertion, both transduces were simultaneously 
calibrated to a mercury manometer. 

All sensing devices were connected to a Brush 480, 
eight channel, rectilinear recorder with a linear fre- 
quency response from 0 to 45 Hz. full scale. The output 
from the channel recording left ventricular pressure 
from the catheter tip transducer was directed to a differ- 
entiating unit to obtain the first derivative (dp/dt) of 
the left ventricular pressure curve. The differentiator 
was calibrated by generating known saw tooth ramp 
signals for a static calibration, and by gerierating known 
sinusoidal pressure waves with a sine wave generator 
for dynamic calibration and frequency response. The 
output of the channel recording left ventricular pressure 
from the external transducer was expanded on another 
channel to provide increased resolution of end diastolic 
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TABLE l. Physiologic Data 
(Acean +95% C. L.) 
Basėline 7 hrs. Endotóremia 4 hrs. Endotoxemia 
Hemodynamics ia ie 
Mean arterial pressure (mm Hg) 111 (+16) 89 (+33). 96 (+34) 
Heart Rate. (Beats/min.) 158 (+10) 205 (+22)X{p < 0.01)* 191 (+45) 


Total peripheral resistance 4598 (+1704) 


(dynes-sec/cm™5) 


Blood Gases ; bot 
pO: (nim Hg) 94 (48.0) 
pCO, (mm Hg) 27 (+5) 

pH 7.401 (40.070) 
Het. (%) 36 (2.8) 
Base excess (mEq/L.) —5.8 (45.2) 

Cardiodynamics. | 
Cardiac output (L. /min.) 1.9 (+0.6) 
Stroke Vol. (cc). 12.5 (43.9) 
Stroke work (gm. M) 18.4 (£8.3) 


* By paired t-testing. 


pressure. Recording speed was 200 mm.. per seccnc. 
Cardiac outputs were determined with indocyanine 
gréen dye dilution techniques using a Beckman Ca=cio- 
densitometer. Arterial blood gases were determined on 
an Instrumentation Laboratories pH Blood- Gas Analvzer. 
Experimental Design. The study was divided incc 3 
periods: baseline, 2 hours of endotoxemia, and 4 ours 
LEFT- 
VENTRICULAR 
PRESSURE 
100 a cae 
mm. Hg. 


dp/dt 


2500 |- 


mm. Hg. 


sec. 


AORTIC PRESSURE 


TA 


4690 (+3079) 4414 (+2112) 


9i (428) 87 (+4) 
23 (+6). 22 (+4)(p < 0.05) 
7.384 (+0.080) 7.367 (+0.077) 
34 (42.0) 34 (+42.4) 
—10.2 (45.1) —10.7 (+5.3Xp = 0.05) 
1.8 (41.4) 1.7 (40.9) 
9.1 (46.5) 9.7 (44.9) 
12.2 (49.6) iein 


of endotoxemia. Determinations consisted of: left ven 
tricular pressure curves, dp/ dt, aortic arch pressure 
ECG, arterial pO», pCO», pH and Het, cardiac output 
stroke volume, stroke work, and total peripheral re 
sistance. 

After baseline determinations, endotoxemia was in 


duced by infusing a 4.55 mg/kg bolus dose of endotoxit 


Fic. 1A. Representativ 
readings of left ventricu 
lar pressure dp/dt, anc 
aortic blood pressure a 
paper speed of 50 mm 
second and then 20 
mm/second (baseline). 
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LEFT 
VENTRICULAR 
PRESSURE 


100 


mm. Hg. Nf 
0 


dp/dt 


Fic. 1B. 2 hours of endo- 
toxemia. (See legend for 


Fic. 1A.) 2390 


mm. mm. Hg. 
“sec. 


AORTIC PRESSURE 


(E. coli, 026:B6, Difco) in 30 cc normal saline intra- 
venously over a ten minute period. This was followed 
by a constant infusion of endotoxin at 1 mg/kg/hr to 

~ maintain a relatively constant level of endotoxemia. 
Prior to repeating determinations at 2 and 4 hours, left 
ventricular end diastolic pressure was matched to base- 
line values, if necessary, by small rapid infusions of 
isotonic saline (50 to 100 ml). 

Myocardial contractility was defined in this study as 
the slope of the relationship between left ventricular 
dp/dt and developed isovolumetric pressure at constant 
preload. This index is believed to be independent of 
changes in afterload." Five consecutive cardiac cycles 
were examined at baseline, and after 2 and 4 hours of 
endotoxemia. For each cycle the developed pressure 
and its corresponding dp/dt were measured (in 10 mm 
Hg increments) starting at 10 mm Hg and stopping 

- at 50 mm Hg developed pressure. The slope for each 
intervention was calculated by the least squares method. 
The units of the slope were (dp/dt)/p which can be 
converted to seconds. The slope can be considered 
the contractile velocity of the intact heart. 


EFFECTS OF GRAM NEGATIVE ENDOTOXEMIA 


To 


Results 

The results of the pooled physiologic data are pre 
sented in Table 1. Endotoxemia was associated wit 
mild hypotension and tachycardia. Total peripheral re 
sistance was unchanged. Arterial blood gases showed «< 
significant reduction in pCO; and a severe base defici 
at 4 hours of endotoxemia. The pO was unchanged 
There were no significant changes in hematocrit anc 
total peripheral resistance. Cardiac output was un 
changed and although stroke volume and stroke worl 
fell with endotoxemia, the changes were not significant 

Representative tracings of left ventricular pressure 
dp/dt and aortic pressure for a single animal are pre. 
sented for the baseline, 2 hour and 4 hour determination: 
in Figures la, lb, and Ic respectively. This particulai 
animal demonstrated hypotension and a progressive fal 
in peak dp/dt with endotoxemia. 

The relationship of dp/dt to developed pressure 
from cnset of contraction to 50 mm Hg developed pres- 
sure was found to approximate a straight line (r < 0.95. 
p < 0.001) for all animals at each determination period. 
The linearity is demonstrated in Figures 2a, 2b, and 2c 
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in which the dp/dt-pressure plots are shown for a single 
animal at the baseline, 2 hour, and 4 hour periods respec- 
tively. 

The baseline relationship between dp/dt and de- 
veloped isovolumetric pressure and the changes ob- 
served after 2 and 4 hours of endotoxemia are preseated 
in Table 2. Four of the six animals showed an inerzase 
in contractility at 2 hours, while at 4 hours, 4 out of six 
showed depressed contractility. The mean chanze in 
slope from baseline to 2 hours was + 7.5 seconds", 
while from baseline to 4 hours it was — 6.9 seconds”. 
These changes were not significant by paired t-tes-ing. 
The changes in slope did not correlate with changes 
in mean arterial pressure or heart rate by least scares 
regression analysis. 


Discussion 


The effects of endotoxin on cardiac performance Aave 
been studied for two decades and yet the findinz: re- 
main controversial.1:3:5.7.8.10,13.18 Many studies introdaced 
variables such as anesthesia, an open thorax, sJecies 


Fic. IC. 4 hours of endo 
toxemia, (See legend fo: 
Fic. 1A.) 


SANs TT 


differences, and isolated heart preparations that may 
further complicate the results. In an effort to answe: 
some of these questions the experimental model in thi: 
report was developed. 

Using a large primate with an intact thorax shoulc 
minimize many of the above mentioned variables. Ir 
addition, allowing the animal to metabolize the tran. 
quilizer overnight before the study eliminates the an. 
esthesia variable. The observation that the animals dem: 
onstrated normal blood gases and arterial pressure ir 
the baseline period suggests that a true basal state wa: 
achieved. 

The method of including endotoxin shock by giving 
a bolus dose of endotoxin followed by a continuous in- 
fusion provides a uniform challenge to the animal thai 
is non-lethal. The 4.55 mg/kg bolus dose was choser 
because larger bolus doses produced profound hypo. 
tension and premature death. Also by avoiding profounc 
hypotension, normal cornary perfusin was insured. Ani 
mals that were given only a non-lethal bolus of endotoxir 
usually recovered rapidly, and therefore required the 
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x 
3000 x : x 
dP/dT a 
mm. Hg x x 
sec. ~> 
2000 x x x 
x 
x 
x : Slope = 75.912.5 
1099 x r=0.98 
N=25 
p< 0.001 
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40 60 


Developed Pressure mm. kg. 


Fic. 2A. The relationship between dp/dt and devebped pres- 
sure in a single animal. The data from five consecutiv2 cycles at 
each intervention state are shown. A high correlation (r > .95) 
for a straight line relationship was seen at each intervention 
( baseline). 


constant infusion of endotoxin to produce a continuous 
effect. 

Since there may be a dissociation between tae output 
of the heart and its contractile state,?! it is o= value in 
a study of cardiac performance to examine koth these 
factors simultaneously. The estimation of cardiac output 
presents no problem using dye dilution techniques in 
a fairly large animal. The estimation of myocardial con- 
tractility on the other hand, presents numerous problems, 
especially in the intact animal. Since the current indices 
of contractility that incorporate dp/dt, require high 
fidelity recordings of left ventricular pressure, # is neces- 
sary to include at least the 15th harmonic of the funda- 
mental wave form.* With heart rates of approximately 
180/minute (3/second) in this study, a corstant am- 
plitude frequency response to at least 45 Hz would be 
required. This frequency response cannot be consistently 
expected from a fluid filled catheter-transducer system, 
but can be achieved by commercially available catheter 
tip transducers, which provide linear frequency responses 
to over 100 Hz. In addition, the technique ož inserting 
a catheter tip transducer through a previously implanted 
large catheter provides an accessible route to the left 
ventricular chamber without risking hazardous trans- 
thoracic puncture, and also avoids possible aortic valvular 
incompetence by retrograde catheterization. 

- The lack of fall in cardiac output in this report is in 
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Fic. 2B. Two hours. (See legend for Fic. 2A.) 
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Frs. 2C. Four hours of endotoxemia. (See legend for Fic. 2A.) 
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TABLE 2. Effect of Endotoxemia on Myocardial Contracakty 


Animal Baseline Slope A Slope A Slope 
Number sec.~} 2 hr. 4 hr. 

1 73.4 + 8.2 —20.9 

2 75.9 | +23.6 —32.4 

3 59.8 | +17.4 +28.0 

4 46.8 +14.2 +10.3 

5 77.3 —12.6 — 24.8 

6 76.8 — 5.6 — 1.8 

- Mean 68.3 + 7.5 — 6.9 
95% C. L. +13.0 +14.6 +24.4 


This table presents the baseline data on myocardial contractility 
plus the changes (A slope) at 2 and 4 hours of endotoxemia- These 
changes were not significant by paired t-testing (control versus 
intervention). 


conflict with most of the previously mentioned stadies. 
This may be explained by the small volume of -eline 
(50-100 ml) the animals received to hold preload con- 
stant, thereby providing for an effective circuating 
volume and venous return. On the other hand, ro in- 
crease in cardiac output was seen in spite of increesed 
heart rate with adequate filling pressure and unchanged 
total peripheral resistance. This suggests a dimin shed 
cardiac response to sympathetic stimuli. 

Although the contractility data expressing the rela- 
tionship of dp/dt to developed pressure showed nc 3ta- 
tistically significant changes during endotoxemH a 
transient initial increase in 4 of the 6 animals was Fol- 
lowed by a depression in contractility in the same number 
of animals. An early increase in contractility should be 
expected as a result of catecholamine release induced 
by endotoxin.’ Evidence for this increase in catechol- 
amine levels include the increased heart rate noted in 
this study, and the observation by Hinshaw’ in -logs 
that coronary flow increased during endotoxemia. Hew- 
ever, Solis and Downing!* found improvement in. de- 
pressed ventricular function during endotoxemia after 
Beta adrenergic stimulation and infusion of angiotensin 
II, suggesting myocardial depression. Recent studies by 
Hinshaw, et al.® investigating the later phases of eado- 
toxin in the isolated dog heart preparation have cem- 
onstrated depression in myocardial contractility 6-9 honrs 
after the injection of endotoxin. Thus, it appears that 
myocardial contractility is maintained or enhanced in 
the early states of endotoxemia when increased sym- 
pathetic activity is present. However, myocardial de- 
pression may be seen in the later stages of endotoxemia 
once the protective effects of the endogenous catechol- 
amines are exhausted. These late changes in myocar--al 
contractility seen in the isolated dog heart prepara-ion 
should be searched for in the intact, awake primate. 


Summary 


A study of endotoxemia in the awake, intact primate 
is presented. The early phases of endotoxemia are cher- 
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acterized by tachycardia, hypotension and developme) 
of a base deñcit. There were no significant changes - 
cardiac output or myocardial contractility in the ear 
stages of endotoxemia when increased sympathetic a 
tivity was evident. 
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Postsurgical Hemorrhage in Dogs Anticoagulated 


rN 1958 rr was oxsERVED, that following bites by the 
I Malayan pit viper, Agkistrodon rhodostoma, blood 
became totally incoagulable. In spite of this, hemorrhage 
was not a major complication and, with the exception of 
local edema; few toxic symptoms occurred.8G#! Subse- 
quently a thrombin-like enzyme; ancrod, wes isolated 
- from the venom and when injected parenterally, it caused 
a rapid lowering of the plasma fibrinogen concentration.” 
Moreover, when additional injections of the venom en- 
zyme were. given; fibrinogen levels could be maintained 
at essentially zero values.}:3:2°.35 No other clott-ng factors 
have been shown to be affected by this enzyme.” Because 
of these properties, this enzyme is now being extensively 
investigated for use as an anticoagulant in thrombotic 
disorders. To: date there have been no serioas hemor- 
thagic complications. of ancrod therapy repor-ed in pa- 
tients without surgical wounds or other potential bleed- 
ing sites.?.3,1624,25,26,30,35 Tn view of these observations 
and the recent reports that ancrod appears to have little 
or no in vitro. effect on platelet count or plazelet func- 
tion, 5-10.35 efforts were made to. design a su=gical pro- 
ceduré that would maximize capillary bleeding and 
thereby make platelet function. the primary. hemostatic 
mechanism for preventing blood loss. To avoid the com- 
plexities of measuring blood loss, survival was chosen 
as the indicator of the any of hemorshage, The hy- 
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pothesis that platelet function would be the main factor 


influencing the outcome of these experiments could be 
tested by comparing the effect of heparin with that of 
ancrod since heparin inhibits both fibrin clot formation 
and platelet aggregation induced by thrombin.*7 Be- 
cause hemostasis in the microcirculation is primarily due 
to platelet adhesion and aggregation, 18 the amount of 
blood loss and attendant mortality in the ancrod and 
heparin treated groups of dogs should primarily reflect 
the degree of in vivo platelet function inhibition. 


Methods 


Seventeen healthy adult mongrel dogs were used in 
these studies. All had normal baseline fibrinogen levels, 
platelet counts, thrombin times, partial thromboplastin 
times, and hematocrits. The dogs were divided into 3 
treatment groups: 1) six dogs which received ancrod 
anticoagulation; 2) six dogs which received heparin; and 
3) five dogs which received no anticoagulation. Anti- 
coagulation was established preoperatively and main- 
tained for at least 24 hours postoperatively. The 17 dogs 
came to surgery in a random sequence and the surgeon 
was blinded to the treatment each dog received. 

Fibrinogen levels, thrombin times, partial thrombo- 
plastin times, platelet counts and hematocnis were de- 
termined before and after surgery by standard labora- 
tory methods.4.14.17,37 

Anticoagulation was established in the ancrod-treated 
group by a two hour infusion of ancrod in a dose of 2 
units pér kilogram body weight contained in 250 ml of 
saline. This dosage was sufficient to always reduce the 
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722, , 
plasma fibrinogen as assayed by clottable protein Je- 
terminations to zero levels preoperatively. Surgery was 
performed immediately after this infusion. During a 4 
hour period beginning with the surgical procedure, sech 
dog received 500 ml of saline intravenously. A seecnd 
ancrod dose of 2 units per kilogram iti 10 ml of salne 
' was given by a 5 minute intravenous infusion at ten hours 
postoperatively. | 

The heparin-treated group of dogs received an imatra- 
venous infusion of 250 ml of saline over a 2 hour pee- 
operative period. Approximately 5 minutes before surgery 
each was given an intravenous dose of 100 units of hep- 
arin per kilogram of body weight. This prolonged the 
whole glass clotting tine to 20-60 minutes. Anticoagula- 
tion was maintained by an intravenous infusion of £00 
units of heparin per kilogram contained in 500 cc of seline 
solution given over a 4 hr period. Following the infusion 
100 units of heparin per kilogram were given intrave- 
nously every 2 hours. These dosages of heparin were es:cb- 
lished after pilot studies indicated that heparin was 
rapidly cleared or inactivated during surgery and -kat 
lower doses did not always maintain clotting times >20 
mins. A similar observation in humans undergoing sur- 
gery while on low-dose heparin therapy has been recea-ly 
reported,1® 

The animals iri the saline-treated group received carly 
saline infusions in identical amounts and over the seme 
time periods used to administer either ancrod or hepar-n. 

Surgery consisted of a retroperitoneal dissection through 
a midline abdominal incision. The left posterior peri- 
toneum was incised from the level of the left renal ar-ery 
to the trifurcation of the aorta so that the psoas muscle 
could be clearly seen. The right psoas was then visualized 
with a less extensive dissection. The left kidney was d-s- 
sected completely from its capsule. Only obvious arterzal 
bleeding was controlled by ligation or electrocautery. 
The abdomen was closed in two layers with silk sutare. 
A postmortem examination was performed on all čogs 
that died during the 24 hour postoperative period. 


Results 


Table 1 summarizes the mean baseline coagulation 
and hematocrit values for the 3 groups of dogs before and 
after the preoperative infusions of ancrod, heparin br 
saline as well asthe mean values 24 hours after surgery. 

At the time of surgery all the dogs which had received 
ancrod had zero fibrinogen levels and consequently a 
clotting time of infinity. The partial thromboplastin timss 
and thrombin times were likewise infinitely prolonged, 
thus reflecting immeasurable levels of plasma fibrinogen. 
During surgery these dogs subjectively hemorrhazed 
more than the saline control dogs and possibly more taen 
the heparinized animals. However, 24 hours postopera- 
tively, these animals showed only a decrease in their 
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mean hematocrits from 46% to 32% and were up and about | | 
in their cages. Four of these 6 dogs survived the 24 hour 
postoperative period and continue to survive. One ani- 
mal died at 30 hours postoperatively from hemorrhage 
when a venous cannula became dislodged. Another dog 
died of abdominal hemorrhage 12 hours postoperatively; 
this dog was included’ despite the fact that during sur- 
gery, she was found to be about 45 days pregnant and 
hence had considerable pelvic vascular engorgement. 
In the 6 dogs which received intravenous heparin be- 
fore surgery, the preoperation mean thrombin time was 
prolonged from a baseline value of 29 + 7 sec to >180 
sec, and the mean partial thromboplastin time from a 
baseline value of 29 + 5 sec to 151 + 64 sec. This level 
of heparin was maintained during surgery as well as post- 
operatively; all these dogs died from massive intra- 
abdominal hemorrhage within 8 hours following surgery. 
With exception of the fibrinogen levels, the baseline 
coagulation assays and hematocrit values for. the five 
dogs which received the saline infusions did not show 
significant differerices from those performed 2 hours after 
the infusion or 24 hours after surgery. As expected, the 
plasma fibrinogen levels increased postoperatively. All 
of these dogs recovered rapidly from surgery and were 
up and about by 24 hours: None died during the 24 hour 
postoperative period and all continue to survive. 


Discussion 


Currently there is widespread interest in the use of 
ancrod as an anticoagulant for certain clinical situations 
accompanied by or predisposed to thrombosis formation. 
For several years it has been known that this venom 
enzyme exerted its anticoagulant effect by causing marked 
hypofibrinogenemia.**3! Subsequent studies indicated 
that it did not effect any other coagulation factors, pat- 
ticularly those susceptible to activation by proteolytic 
enzymes. Furthermore, both in vitrol and limited 
in vivo studies?’ have strongly suggested that ancrod 
appears to have little or no effect on platelet function. 
Although for some time it has been known that ancrod 
has a thrombin-like action on fibrinogen, only recently 
has the mechanism by which. ancrod causes a hypo- 
fibrinogenemic state become clarified. Fig. 1 shows a 
schematic of the action of thrombin or ancrod on fibrino- 
gen: As depicted, the fibrinogen molecule which is com- 
posed of three pairs of polypeptide chains, may be des- 
ignated by the formula a(A)8(B)yl2, where the a(A), 
(B) and y symbols indicate each of the three types of 
subunits, and where A and B indicate the small fibrino- 
peptides cleaved by thrombin.?? However, unlike throm- 
bin which cleaves both fibrinopeptides A and B from 
fibrinogen, ancrod cleaves only fibrinopeptide A to oye 
rise to fibrin monomers with the formula [a8(B)y]e.?? 
Despite the fact that the fibrinopeptide B is not cleaved,, 


TTN 


. a 


Vol, 178 + No.6 . ANCROD ANTICOAGULATION AND SURGERY , 723 


TABLE 1. Mean Laborctory Valses (+S. D.) and Survival of the Three Groups of Dogs 








Saline Heparin Ancrod 
No. of dogs 5 6 6 
Hematocrits (%) Baseline 42 +7 42 + 4 (46 4 
; 24 hrs postop. 43 + 6 — : 32 + 10* 
Thrombin times (sec) Baseline 27 + 6 29 +7 30 +: 6 © 
Post-infusion 27 + 5 > 180 = o 
24 hrs postop. 20 + 6 — ` at 
Partial thromboplastin times (sec) Baseline 31 + 4 ~ 29 + S 28 +k 5 
Post-infusion 31 + 4 151 + 64 oo 
24 hrs postop. 23 + 3 —. w% * 
Fibrinogen (mg%) Baseline 220 + 122 338 + 155 298 +: 190 
Post-infusion 229 + 122 320 + 142 0 
24 hrs postop. 311 + 103 — 0* 
Platelet counts X 105 (per mm?) Baseline 3.3 + 2.6 2.1 +0.8 2.4 + 1.1 
24 hrs postop. 3.7 + 2.3 — 1.3 + 0,9* 
Survival postop. 
8 hrs all none all 
24 hrs all — 5* 
Indefinite all — 4 


* Calculated for § dogs; one dog which was ~45 days regnant died from intraabdominal hemorrhage at 12 hrs. 


the ancrod-formed fibrin monomers can align in a gel 
network to form a perfectly normal appearing fibrin clot. 
Such fibrin, whether formed in response to thrombin or 
ancrod is held together by non-covalent bonds. In addi- 
tion to cleaving the two fibrinopeptides from finrinogen, 
thrombin also cleaves a small peptide from tke plasma 
fibrin-stabilizing factor (FSF), thus converting zhe zymo- 
gen form of this enzyme to the activated form which then 
catalyzes the formation of covalent bonds, called cross- 
links, between fibrin monomers.”23 In this way fibrin 
is polymerized into a network. Ancrod does nct activate 
plasma FSF and therefore the fibrin which ic forms is 
non-crosslinked.2* This latter observation is important 
since the non-crosslinked form of fibrin is more easily 
digested by plasmin than is crosslinked fibr:n.13.21.82,34 
More recently it has been shown that besides releasing 
fibrinopeptide A from fibrinogen, ancrod continues to 
partially, but very significantly, degrade the --chains of 
non-crosslinked fibrin which makes such fibrin even more 
susceptible to lysis by plasmin.2* In brief, the following 
sequence of events probably accounts for the ia vivo anti- 
coagulant effect of ancrod: 1) fibrin is formed in the 
microcirculation, especially in the kidney, lungs, liver and 
bone marrow; 2) this fibrin, however, is not only non- 
crosslinked, but also defective in that it is significantly 
degraded by ancrod; 3) plasminogen is rapidly activated 
to plasmin, presumably as a result of intravascular fibrin 
formation; however ancrod itself does not ccnyert plas- 
minogen to plasmin;** 4) the increased level of plasmin 
then digests the ancrod-formed fibrin very repidly since 
it is both non-crosslinked and has already been partially 
degraded by ancrod; 5) in short time a merked hypo- 
coagulable state occurs which is primarily Jue to pro- 
found hypofibrinogenemia as well as to the anticoagulant 


i effect of the fibrin split products generated þy plasmin 


degradation of the ancrod-formed fibrin. Apparently this 
sequence of events occurs so opiaiy that organ ischemia 
does not occur. 

The dogs in the ancrod mosala group clearly 
had a survival advantage over the.dogs in the heparin- 
ized group. Despite immeasurable fibrinogen levels and 
a complete lack of clot formation in all the coagulation 
assays during and 24 hours after surgery, 5 of the 6 ancrad- 
treated dogs survived at least 30 hours postoperatively. 
Four survived indefinitely, but it is to be emphasized that 
ancrod anticoagulation was discontinued 24 hours after 
surgery. One dog died from hemorrhage at 30 hours post- 
operatively when a venous cannula became inadvertently 
dislodged; prior to this time, however, the dog had been 
standing and moving actively in. his cage. The sixth 
ancrod-treated dog was found to be about 45 days preg- 
nant at the time of surgery as mentioned previously. She 
recovered from the anesthetic quickly and was up and 
about in her cage prior to her demise at 12 hours after 
surgery from intra-abdominal hemorrhage. Previous stud- 
ies haye shown that fibrinogen levels remain at zero for 
~48 hours following the administration of a smaller 
ancrod dosage than that used in the present study. In 
addition when a second infusion was given 12 hours 
later, the plasma fibrinogen level remained at subnormal 
levels (80-100 mg%) for as long as.14 days. However, 
these observations may not be entirely applicable to the 
studies reported here, particularly since it is known, and 
was also apparent in our saline-control dogs, that surgical 
stress causes increased fibrinogen levels postoperatively. 
It is conceivable that shortly beyond the 24 hour post- 
operative period, levels of plasma fibrinogen began to 
develop that were sufficient to complement and promote 
effective hemostasis. The fact remains, however, that 
unlike the heparinized dogs which all died within 8 hours 


SLADE, TAYLCR, WECHSLER AND MCKEE 


Ann. Surg. = Dec. 1973 


= 4 


Thrombin 
+ 





Non -crosslinked 
(Soluble) Fibrin 
+ 


F ibrinopeptides A+B 


Fibrinogen Molecules 








Non — crosslinked 
(Soluble) Fibrin 


Fibrinogen Molecules 


+ 
Fibrinopeptide A 


after surgery, the ancrod-treated group survived well pe- 
yond this period of time despite the inability to form 
fibrin clots. 

When the results of these studies are analyzed in con- 
junction with the results of previous studies,?.5.81935 jt 
can be concluded that the reason the ancrod-treated 
group survived must be the hemostatic effect of platelets. 
However this must not have been the case for the hepar-n- 
treated group. As a consequence of the tissue damage 
that occurs during surgery, tissue thromboplastin can 
enter the circulation and initiate the generation of throm- 
bin through the extrinsic pathway of coagulation. Levels 
of thrombin lower than that required for fibrin formation 
are then capable of initiating platelet aggregation, i.2., 
causing platelets to stick to other platelets adheren: *o 
the cut ends of small vessels. In addition, the adherent 
and aggregated platelets release adenosine diphospkaze 





Fic. 1. Intact fibrino- 
gen molecules are repre- 
sented by large rec- 
tangles; the three pairs of 
subunits are indicated by 
the small squares desig- 

nated a(A), 6(B) and y. 
When acted upon by 
thrombin or ancrod, fi- 
brinopeptides A and B or 
fibrinopeptide A, respec- 
tively, are cleaved to give 
fibrin monomers. -These 
align by non-covalent 
bonds as represented by 
the dashed lines. In’ the 
presence of activated fi- 
brin-stabilizing factor 
(FSF), covalent bonds, 
indicated by solid lines, 
form between fibrin 
monomers to give cross- 
linked fibrin: Ancrod con- 
tinues to digest the. a- 
chains of fibrin monomers 
as ‘shown by the partial 
disappearance of the a 
chains. 


Crosslinked 
(Insoluble) Fibrin 
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which continues to promote platelet aggregation. Al- 
though heparin has no effect on platelet | aggregation 
stimulated by adenosine diphosphate, it does inhibit 
thrombin-initiated platelet aggregation. 87 Ancrod, on the 
other hand, apparently has little or no direct effect on 
platelet function®>.*10.35 and, therefore, despite the lack 
of fibrin formation, small vessel hemostasis can occur. In 
view of these findings, it is of interest that Olsson and 
Johnsson** have reported analogous findings from their 
studies of reptilase, which is a venom enzyme with prop- 
erties similar to ancrod, but isolated from a different pit 
viper, Bothrops atrox, They observed that platelet func- 
tion remained essentially normal as manifested by blood 
loss from skin flaps in reptilase-defibrinogenated dogs, 
whereas in those dogs treated with heparin only, bleed- 
mg from such wounds was increased. 

A point of controversy which has releyance to the 
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results of these studies is the action of fibrin split prod- 
ucts (FSP) on platelet aggregation. Some inves-igators 
have reported no change in platelet adhesion or aggre- 
gation during ancrod infusions in humans.*3° Prentice 
and associates,2* however, have reported a decrease in 
platelet aggregation in response to adenosine diphosphate 
during the first 24 hours following ancrod infusions fol- 
lowed by a return to normal aggregation by 4& hours. 
In their studies the degree of platelet aggregation corre- 
lated to some extent with the rise and fall of the FSP 
titer. Solum and coworkers? showed by in vitre studies 
that FSP titers of 1.3-1.9 mg/ml inhibited platelet ag- 
gregation by 50% in response to adenosine diphosphate. 
However, FSP titers lower than 0.5 mg/ml showed no 
significant inhibition. In a report of a single patient in- 
fused with ancrod, FSP titers rose initially to 1.4 mg/ml 
during therapy and then fell to less than 0.1 mg/ml 
within a few hours. Thus, in vivo FSP concentrations 
may temporarily increase to the levels which Scum and 
associates** found to inhibit platelet aggregation in vitro. 
Finally it should be noted that Egberg and Jchnsson! 
found that thrombin-induced platelet aggregation re- 
mained essentially normal despite levels of FSP as high 
as 6 mg per ml. It is tempting to speculate that a high 
titer of FSP occurred transiently during the first few 
hours post-infusion and conceivably surgery was per- 
formed when FSP titers were at a level that inhibited 
platelet aggregation. Had surgery been delayed until 
24 hours after the initial ancrod infusion when FSP levels 
would be lower than 0.5 mg/ml,?? less hemorrhage might 
have occurred. But even if FSP interfered with platelet 
function in the ancrod-treated group, such an efect must 
have been transient since the 24 hr survival was not 
affected. 

Thus, it is postulated that platelet plug formation in 
small vessels was the factor which caused th= survival 
of the dogs anticoagulated with ancrod. Since fibrin for- 
mation could not occur in these animals, the only other 
known mechanisms available to decrease blooc loss were 
vasoconstriction and platelet aggregation, on2 or both 
of which must have been sufficient to insure effective 
hemostasis. In contrast, the heparinized animals had both 
impaired fibrin formation and platelet aggregation and 
were apparently at a marked disadvantage. Since vaso- 
constriction is not known to be influenced by either 
ancrod or heparin, it is reasoned that a difference in 
platelet function must account for the survival advantage 
of the ancrod-treated group. These studies indicate that 
major surgery can be performed on essentially totally 
defibrinated dogs. When it is considered that efforts were 
actually made to promote hemorrhage from small vessels, 
it is suggested that the use of ancrod difibrination might 
allow major surgery to be performed in animal studies 

.where the formation of intravascular thromkosis would 
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otherwise complicate or prevent the completion of an 
experimental design. 


Summary 


The survival of 5 of 6 ancrod anticoagulated animals 
and the rapid death of 6 heparinized animals following a 
retroperitoneal dissection suggests that: 1) platelet func- 
tion remains sufficiently normal to effect small vessel 
kemostasis during ancrod anticoagulation, and 2) the 
amount of post-surgical hemorrhage is much less with 
encrod anticoagulation than with heparin anticoagula- 
tion. 
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Role of Intracellular Variations of Lysosomal Enzyme 
Activity and Oxygen Tension in Mitochondrial Impairment 
in Endotoxemia and Hemorrhage in the Rat 


LEENA MELA, M.D., LEONARD D. MILLER, M.D., LEONARDO V. 


ISRUPTION OF MITOCHONDRIAL STRUCTURE and func- 
D tion has been shown to accompany cellu.ar damage 
after several types of experimental injury. Mixochondrial 
energy production is interrupted. Alterations such as un- 
coupling of phosphorylative activity from -espiration, 
inhibition of State 3 activity, inhibition of ATPase en- 
zyme activity and defective ion transport are evident.17 

Structurally, the mitochondria first swell; leter broken 
membranes are demonstrable; in the final stages, com- 
plete disappearance of inner mitochondrial structure is 
apparent.? 19.2421 These changes, with concomitant func- 
tional impairment, have been shown to occur in rat liver 
mitochondria after endotoxemia, hemorrhage,**17*? and 
ischemia.”°?7 Similar changes have also be2n seen in 
human samples from liver, skeletal muscle?*?+ and kid- 
ney.*” There is good experimental evidence that the func- 
tional changes are closely related to the in situ mito- 
chondrial structural damage.16.24.27 

However, a number of crucial questions remain un- 
answered: What is the relationship of the mitochondrial 
defects to the total picture of cell injury? I; the mito- 
chondrial damage primary or secondary to other patho- 
physiologic alterations in shock? If the latter, what fac- 
tor, or factors, produces cellular deterioration? As one 
approach to these problems, we have initiated a series of 
studies of alterations of other subcellular organelles and 
their relationship to mitochondrial dysfunction. 

The importance of lysosomal enzymes as an etiologic 
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factor in cell injury has been suggested by several in- 
vestigators,1171,26.28 although others have adhered to a 
different conclusion.! However, a direct causal relation- 
ship of released lysosomal enzyme activity and mitochon- 
drial dysfunction in experimental shock has not been 
demonstrated. Secondly, it is not clear what role, if any, 
pure tissue hypoxia plays in shock and trauma at the 
cellular level. In the present paper we report experimen- 
tal evidence for our concept of the etiologic role of lyso- 
somal enzymes and tissue hypoxia in experimental hem- 
orrhage and endotoxemia. 


Methods 


E. coli endotoxemia and hemorrhage were induced in 
male Sprague-Dawley (Charles River) rats weighing 
120-220 g, as has been described earlier.” 

Experimental Hypoxia, Hypoxia was induced in Nem- 
butal anesthetized rats by exposing them to oxygen con- 
centrations of either 16% or 9%, in combination with a 

as mixture containing nitrogen (95%) and carbon di- 
oxide (5%). The tissue Po», measured continuously from 
the surface of the skeletal muscle of the hind leg with 
an oxygen microelectrode, was used to monitor the se- 
verity of hypoxia. It remained at 50% of control through- 
out the experiments. In the liver, 16% and 9% oxygen 
caused a 30% and a 60% reduction, respectively, in aver- 
age tissue Pos, in comparison to control values. 
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Oxygen Microelectrode Techniques. The oxygen mi- 
croelectrodes, used to monitor tissue Pop, were con- 
structed in our laboratory, according to the techriques 
of Silver and Liibbers.*%*5 A platinum-iridium wire of 
20 » diameter was imbedded in glass, leaving only the 
surface of the tip exposed. The tip was covered with a 
high sensitivity teflon membrane especially designed for 
oxygen probes. The electrode tip was placed on th2 sur- 
face of the tissue, without pressure, but insuring a good 
contact between the electrode tip and the tissue surtace. 
The Ag-AgCl reference electrode was placed outside 
the tissue in saline solution. Before and after each use, 
the electrodes were calibrated with room air and 100% 
nitrogen in saline solution. After the oxygen electrode 
had stabilized on the surface of the tissue, it was again 
calibrated in vivo by exposing the rat to a mixture of 
95% No, 5% CO». Continuous recordings of the tissue Poz 
during hemorrhage, endotoxemia and hypoxia ezperi- 
ments were performed. | 

Liver Studies, Rat livers were separated at verious 
times after hemorrhage, endotoxemia or hypoxia. After 
separation from the animal the liver was placed immedi- 
ately in ice cold medium where it was minced, washed, 
and homogenized. From the homogenate, both mito- 
chondria and lysosomes were isolated without delay. 

Isolation of Mitochondria. Rat liver mitochondria were 
isolated in a medium consisting of 0.225M Manmitol, 
0.075M Sucrose and 0.1 mM ethylenediamine tetra-acetate 
(EDTA), pH 7.0. After removal of cell debris and blood 
cells, the supernatant was centrifuged at 7700 x g for 14 
minutes, The resulting mitochondrial pellet was homoge- 
nized by hand and suspended in mannitol-sucrose-EDTA 
medium, then recentrifuged at 7700 x g for 7 mir.utes. 
This procedure was repeated twice in mannitol-suzzose 
medium without EDTA. The resulting final pellet was 
suspended in mannitol-sucrose at a concentration of 20- 
30 mg of mitochondrial protein per ml. 

Isolation of Lysosomes. After removal of mitochondria 
the remaining supernatant was used to collect the lyso- 
somes. The supernatant was centrifuged at 13000 x g for 
20 minutes. The resulting pellet was resuspended. and 
recentrifuged twice to wash the lysosomes. To breax the 
membranes and release the enzyme activity, the suspen- 
sions of lysosomes were frozen and thawed ten times. 

Mitochondrial Studies. Mitochondrial functions were 
assayed as has been described earlier.!517 Two reaztion 
media were used for the mitochondrial studies. The me- 
dium containing inorganic phosphates consisted of 1.225 
M Mannitol, 0.075 M Sucrose, 10 mM Tris-phosphate and 
10 mM Tris-chloride, pH 7.4 (MST-Pi). When phosphate 
was eliminated, a medium consisting of 0.225M Mannitol, 
0.075 M Sucrose, 10 mM Tris-Cl, pH 7.4 (MST-CI) was 
used. | 

A Clark oxygen electrode was used in a closed, stirred 
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cuvette to measure oxygen utilization by the mitochon- 


dria in the presence of succinate, glutamate and malate, 
or a-ketoglutarate as substrates in the absence and pres- 
ence of the phosphate acceptor ADP. The respiratory 
rates in State 4 (excess substrate, no ADP) and State 3 
(substrate and ADP) were calculated, as well as the 
respiratory control ratio (RCR), which is the ratio of 
State 3 respiratory rate to State 4 rate. A radiometer pH 
meter (PHM 26), connected to a recorder, was used to 
monitor uncoupler-activated ATPase. 

The redox changes of the cytochromes were measured 
in an Aminco-Chance dual wavelength spectrophotom- 
eter® using the following wavelengths for the individual 
cytochromes: cytochrome b-430-410 nm (Soret band) 
and 560-575 nm; cytochrome c-550-540 nm, cytochrome 
a + d3-605-630 nm and 445-455 nm (Soret band). The 
flavoproteins were measured at 465-475 nm. The energy- 
linked Ca** uptake by the mitochondria was also mea- 
sured in the dual wavelength spectrophotometer at 540- 
510 nm using murexide (ammonium purpurate) as a 
Ca* indicator.14 

Lysosomal Acid Phosphatase Assay. Lysosomal acid 
phosphatase activity was used as a measure of the lyso- 
somal enzyme activity. The assay of the enzyme activity 
was performed in lysosomes, mitochondria, or liver ho- 
mogenates frozen and thawed ten times, according to the 
method of Fiske and Subbarow,® using £-glycerophos- 
phate as a substrate at pH 5.0, and incubating the re- 
action mixture at 37°C for 15 minutes. The cleaved 
phosphate was reacted with the molybdate-amino- 
naphthol-sulfonate reagent and measured at 660 nm in 
a Hitachi-Perkin-Elmer spectrophotometer. 

Protein Determination, Protein concentrations of the 
liver homogenates, mitochondrial, and lysosomal frac- 
tions were determined with the Biuret reagent. 


Results 


Liver Lysosomes after Endotoxemia and Hemorrhage. 
Fig. 1 presents data on acid phosphatase activity as- 
sayed from a series of rats exposed to E. coli endotoxin. 
The acid phosphatase assays of the liver lysosomal frac- 
tion show enzyme activities decreasing linearly with the 
length of endotoxin exposure (right side diagram of 
Fig. 1). By 6 hours of endotoxemia, the lysosomal frac- 
tion had lost 75% of its acid phosphatase activity. During 
the first 3 hours of endotoxemia a slight increase in acid 
phosphatase activity occurred in the mitochondrial frac- 
tion (right lower curve, Fig. 1) suggesting swelling of 
the lysosomes and, due to this, increased sedimentation 
at a lower centrifugal force. The left half of Fig. 1 cor- 
relates these changes in acid phosphatase activity to 
mitochondrial respiratory contro] ratios in the same liv- 
ers, using succinate as substrate. The diagrams indicate 
that, as the lysosomes lose their enzyme activity due to 
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endotoxemia, the mitochondria simultaneously become 
more uncoupled. A similar correlation is obtained be- 
tween acid phosphatase and mitochondrial State 3 respi- 
ration or ATPase activity. 

The drop in enzyme activity of the lysosomal fraction 
during endotoxemia, is not due to greater fragility and 
breakage of the lysosomal membranes during their prep- 
aration..° The same decrease in the enzyme activity is 
also seen in samples taken directly from liver komogenate, 
reflecting total liver acid. phosphatase activity, after en- 
dotoxemia (Fig. 2). These data clearly indicate an actual 
decline in liyer lysosomal enzyme activity concomitant 
with impairment of the mitochondrial coup-ing mecha- 
nism. 

Lysosomal acid phosphatase activity was also mea- 
sured from the supernatant after removal of all the par- 
ticulate fractions of the liver. No relative increase in the 
free acid phosphatase activity was found. The ratio of 
the free to total enzyme activity remained equal to the 
control ratio. 

A similar decrease in liver acid phosphatase activity 
was also seen in rats exposed to hemorrhagic shock. 

Released Lysosomal Enzymes and Mitochondrial 
Function. Lysosomal enzymes added to ncrmal intact 
mitochondria damage mitochondrial memoranes and 
their function.!° In an effort to compare these changes, 
in vitro, to the in vivo alterations delineated above, nor- 
mal isolated rat liver mitochondria were treated with ly- 
sosomal enzymes (Fig. 3). The titration of the respira- 
tory control ratios with released lysosomal erzymes (left 
diagram, Fig. 3), expressed as acid phosphatase activity, 
shows exponentially decreasing values of respiratory 
control with increasing concentrations of added acid 
phosphatase activity. The decrease in the respiratory con- 
trol ratios (RCR) is due to increased State 4 rates. The 
ADP-simiulated respiration, State 3, is not inhibited by 
lysosomal enzymes under these conditions, as is shown in 
the diagram on the right, Fig. 3. Thus lysosomal enzymes 
induced loose coupling of respiration without causing 
any inhibition of State 3 activity. 

Uncoupler-activated ATPase, however, is -nhibited by 
lysosomal enzymes (Fig. 4). ATPase activity was titrated 
with an uncoupling agent, carbonyl cyanide p-trifluoro- 
methoxyphenvlhydrazone (FCCP); peak éctivity was 
found to be at 0.1 »M FCCP. The same ttration was 
done in the presence of various concentraticns of addec 
lysosomes, indicated on the diagram as acid phosphatase 
activity (0.85-1.7 nmoles Pi cleaved/min/mg protein). 
Again, a progressive decrease in ATPase activity was 
apparent, with increasing amounts of added lysosomal! 
enzymes. The ATPase activity reaches zero at 1.7 nmoles 
Pi/min/mg protein. In addition to the decreasing ATPase 
activity, an increased FCCP sensitivity shou'd be noted. 
as the added lysosomal enzyme activity increeses. 
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Fic. 1. Effect of endotoxemia on the amount of lysosomal acid 
phcsphatase activity, assayed in two subcellular fractions, lyso- 
soral (open circles) and mitochondrial (triangles) and plotted 
against the time after intraperitonea] injection of endotoxin (right 
hard diagram) and the respiratory control ratios (left hand dia- 
gran) of the mitochondria. MST-Pi was used as medium in the 
presence of l-2 mg of mitochondrial protein per ml, 8 mM suc- 
cinate as substrate, and 270 uM ADP, when added. 


Energy-dependent Ca“ uptake was also inhibited by 
lysdsomal enzymes, reaching 60-70% inhibition at an acid 
phosphatase activity of 2 nmoles Pi/min/mg | protein 
added per mg of mitochondrial protein. 

Thus the mitochondrial defects caused by added ly- 
sosornal enzymes in vitro are quite similar to those seen 
in mitochondria after in vivo endotoxemia and hemor- 
rhage. This in vivo pattern consists of uncoupling, in- 
hibition of State 3 respiratory activity, inhibition of 
ATPase, and inhibition of energy-dependent Ca** trans- 
pozt.1? Only the inhibition of State 3 respiratory activity 
and the redox changes of cytochromes connected to it, 
cannot be reproduced by adding lysosomal enzymes to 
normal liver mitochondria. 

Tissue Po, During Hemorrhage and Endotoxemia. 


Fic. 2. Correlation of the lyso- 
somal acid phosphatase activity, 
assayed directly from the liver 
homogenate, to the respiratory 
control ratios of the mitochond- 
ria, isolated from the same liv- 
ers, after 0.5 to 6 hours’ of 
endotoxemia. Experimental con- 
ditions were similar to Fic. 1. 
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Fic. 3. Effect of lysosomal enzymes (broken lysosomes) on 
mitochondrial functions in vitro. The left hand diagram shows 
the titration of respiratory control ratios with lysosomal enzymes; 
the right hand diagram the titration of oxygen uptake rates, 
both State 3 and State 4. The amounts of lysosomal enzymes; in- 
dicated as acid phosphatase activity, were added to the mito- 
chondrial suspension, 1-2 mg protein per ml in MST-Pi, 1 min- 
ute before the addition of 8 mM glutamate and malate. In State 
3, 540 uM ADP was added. 


Oxygen microelectrodes were used to measure the extent 
of tissue hypoxia during hemorrhage and endotoxemia 
in the rat. Before bleeding or injection of endotoxin, the 
electrode was’ placed on the surface of a skeletal muscle 
or the liver. Changes in tissue Poz were monitored con- 
tinuously during the experiments, as shown in Figs. 5 
and 6. In the first 10 minutes of hemorrhage, while the 
animal’s arterial blood pressure is being reduced to 30 
mm Hg, the average skeletal muscle Po, falls from 40 
mm Hg to virtually zero. At a constant blood pressure of 
30 mm Hg, the tissue Po, is stable. Small irregularities 
are seen at points at which the return of some shed blood 
is necessary to prevent any further fall in blood pressure. 
Only after sufficient blood was reinfused to return the 
blood pressure to normal (120 mm Hg), did the skeletal 
muscle Pos rise to its “normal” level, with a slight “over- 
shoot” above control. 

The pattern of the Po, response in the liver is quite 
different (Fig. 6). In the liver, the Pog drops very sharply 
but to only 50% of control. The major drop occurs within 
one minute, corresponding to peripheral arterial blood 
pressures of 90 to 60 mm Hg. The liver Pos stabilizes at 
20-25 mm Hg until the reinfusion of the shed blood; it 
then returns to a normal level concomitant with the vise 
of the blood pressure to 120 mm Hg. 

After endotoxin injection the blood pressure drop is 
delayed in comparison to hemorrhage. The drop in tis- 
sue Pog is quantitatively similar to that seen during 
hemorrhage and occurs as blood pressure falls from 90 
to 60 mm Hg. | | 
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It should be noted that the given Pos values are not 
absolutely indicative of either extracellular or intracellu- 
lar Pog. They are average values of the tissue Po, of an 
area of about 310 »?, including capillaries, covered by the 
tip of the oxygen microelectrode. The purpose of these 
experiments is to give reliable information on relative 
changes occurring in tissue oxygen tension during hemor- 
rhage and endotoxemia. 

Tissue Hypoxia and Mitochondrial Function. The in- 
fluence of in vivo tissue hypoxia on mitochondrial func- 
tion was studied in rats breathing only 9-16% O% (in ex- 
change with N2), sufficient to drop skeletal muscle Poz 
to 50% of control. The level of tissue hypoxia was con- 
trolled, again utilizing the oxygen microelectrode as a 
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Fic. 4. Effect of lysosomal enzymes on mitochondrial ATPase ac- 
tivity in vitro. The control curve shows the titration of the ATPase 
activity with uncoupling agent FCCP in the absence of lysosomal 
enzymes. The other three graphs illustrate the ATPase titration 
in the presence of lysosomal enzymes, indicated as acid phos- 
phatase activity (0.85, 1.4 or 1.7 nmoles Pi per min per mg pro- 
tein). The lysosomal enzymes were added into the mitochondrial 
suspension, 1-2 mg protein per ml in MST-Cl, 1 minute before 
the addition of 19 mM ATF in the presence of 12 „M rotenone. 
The addition of rotenone was followed by the addition of various 
concentrations of FCCP to activate the ATPase. 
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Surface Micro-electrode Recording Hemorrhaged Rat 
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Fic. 5. Effect of hemor- 
rhage on rat hind leg 
muscle surface Po: as re- 
corded with an oxygen 
microelectrode. 





reference (Fig. 7). The Pos was measured both from 
the skeletal muscle and the liver. Fig. 7 shows the liver 
Po, levels, at 16% and 9% FiO, to be 30 and 60% below 
control, respectively. 

Figs. 8 and 9 present the analysis of liver mitochondrial 
respiratory activity at various levels of hypoxie. In Fig. 8 
the respiratory control ratios, using glutamate and malate 
as substrates, are compared to those obtained in liver 
mitochondria after the same duration of hemorrhage. This 
figure indicates a definite difference in the response of 
mitochondria to these two conditions. In hemorrhage, 
after the first hour, the mitochondrial respiratory con- 
trol decreases sharply and reaches a low value of 3 in 
about 3 hours. A similar drop in respiratory control has 
been reported by us in endotoxemia.!? The mitochondrial 
response to hypoxia is the exact opposite of this pattern. 
Initially, during the first 30 minutes, there is a drop in 
the respiratory control, after which the mitochondria, 
during the second 30-minute period, stéad-ly reverse 
the loosely-coupled state to a coupled one, then stabilize 
at this tightly-coupled level. The graphs in Fig. 9 show 


the direct respiratory rates, in State 3, after certain pe- 
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Fic. 6. Effect of hemor- 
rhage on rat liver surface 
Po: as recorded with an 
oxygen microelectrode. 
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riods of hypoxia with 9 or 16% FiO». These graphs indi- 
cate that there is no significant inhibition of the State 3 
respiratory activity secondary to hypoxia alone, in con- 
trast to the remarkable inhibition of State 3 respiration 
seen after hemorrhage and endotoxemia.‘’ On the con- 
trarv, with hypoxia, per se, mitochondrial respiratory ac- 
tivity attains “supernormal” levels, reaching values as high 
as twice normal. Both State 3 respiration and respiratory 
control later stabilize at control values by about 60 min- 
utes. Fig. 9 also indicates that quantitatively similar re- 
sults can be obtained at different oxygen concentrations. 
The lower the oxygen concentration, the sooner are the 
alterations evident. Results similar to these presented in 
Figs. 8 and 9 were obtained with other: substrates as 
well, namely succinate and a -ketoglutarate, | 

Liver mitochondria after pure hypoxia are intact and 
show no evidence of membrane damage. This is also ap- 
parent from other experimental data: The mitochondrial 
uncoupler activated ATPase never falls below normal 
values; ADP-induced steady-state changes of the cvto- 
chromes are intact; the energy-dependent calcium trans- 
port activity is well-preserved and high. 
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Fic. 7. The effect of breathing a 16% ana a 9% oxygen misture, 
as compared to room air, on the liver surface Po», recorded vith 
an oxygen microelectrode. 
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Fic. 8. Effect of 50% pure hypoxia measured from the surface of 
the skeletal muscle, on the respiratory control ratios of rat iter 
mitochondria, as compared to liver mitochondria from hemor- 
thaged rats. The mitochondria’ was assayed in MST-Pi -sas- 
pended at 1-2 mg of protein per ml, in the presence of 8 mM 
glutamate and malate as substrates, and 540 uM ADP as phos- 
phate acceptor, where added. Each point indicates an indivrlwal 
in vivo animal éxperiment under either hypoxia (circles) or hemar- 
rhage (triangles). 
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Fic. 9. Effect of 50% hypoxia, measured from skeletal muscle, in- 
duced by 16% or 9% oxygen, on the State 3 respiratory rates of 
liver mitochondria. Time indicated is the length of in vivo hypoxia 
in minutes. The mitochondria were assayed in MST-Pi at 1-2 mg 
of protein per ml in the presence of 8 mM succinate as substrate 
and 270 uM. ADP as phosphate acceptor, where added. 


Discussion 


Impairment of mitochondrial function and structure 
due to experimental hemorrhage and endotoxemia has 
been previously reported,17 Comparison of the present 
data with earlier findings offers an opportunity for the 
first time, to begin to construct’ a rational hypothesis 
which might account for the observed: sub- cellular al- 
terations. 

Both endotoxemia and hemorrhage induced mito- 
chondrial alterations, which are characteristic of dam- 

aged mitochondrial membranes: diminishing respiratory 
control due to increased State 4 rates and decreased State: 
3 rates; inhibition of ADP-induced respiratory activity 
(State 3) concomitant with failure of ADP to induce 
steady-state changes in the respiratory chain; inhibition 
of uncoupler-activated ATPase in intact mitochondria; 
and decreased levels of bound magnesium. Energy- 
dependent ion uptake activity, such as Ca* accumulation, 
is totally abolished. 

These changes can be very closely reproduced in vitro, 
solely by the addition of lysosomal enzymes to normal 
mitochondria (Figs. 3 and 4). There is one significant 
and distinct difference, however, between these 2 phe- 
nomena: lysosomal enzymes added to normal mito- 
chondria are not able to induce inhibition of State 3 
respiratory activity with any tested mitochondrial sub- 
strates. This suggests to us that released lysosomal 
enzymes alone could not account for all of the mito- 
chondrial impairment seen in hemorrhage and endo- 
toxemia. It is possible, however, that the reaction media 
used in these studies did not provide ` a completely op- 
timal environment for lysosomal enzyme activity. In ad- 
dition, our knowledge about the total intracellular al- 
terations during hemorrhage and endotoxemia that may, 
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“well contribute to lysosomal action, is not sufficiently 


complete. Nevertheless, we have shown a s-gnificant 
degradation of lysosomal enzyme activity in the liver 
concomitant with the mitochondrial impairmert. ( Figs. 
1 and 2). Simultaneously, an increased activity has been 
reported in the plasma.™-*1 This suggests tha:, during 
endotoxemia and hemorrhage, the lysosomes swell and 
break, and release their enzymes. From the livez cell the 
released enzymes enter the circulating plasma, This sug- 
gestion is supported by our finding that the total liver 
acid phosphatase activity decreases, without an increase 
in the soluble enzyme fraction, and that, as seer by elec- 
tronmicroscopy, the Gomori stainable acid phcsphatase 
in the liver decreases during extended endotoxemia and 
hemorrhage (unpublished observations ). 

We have previously reported that E. coli endotoxin 
added to normal intact mitochondria also caus3s some- 
what similar changes. However, E. coli endotoxin spe- 
cifically inhibits succinate oxidation at the substrate end 
of the respiratory chain, a phenomenon not seen in mito- 
chondria isolated after endotoxemia and hemorrhage. 
This effect of endotoxin is so specific and reproducible 
that it is difficult to explain its absence after in vivo ad- 
ministration. Only one interpretation of this discrepancy 
is possible: The whole endotoxin molecule does rot reach 
or enter the liver cell in vivo, and does not, therefore, get 
applied directly to the mitochondrion. In support of this 
hypothesis is our observation that the respiratory activity 
in liver slices is not altered by incubation with erdotoxin. 
Thus, it appears that some interaction with, and modifica- 
tion by a factor or factors in the circulating blood is 
necessary before endotoxin can produce th mito- 
chondrial effects seen in vivo. 

The rcle of hypoxia, per se, has been further clarified. 
By a microelectrode technique, tissue Po» in liver halved, 
during experimental shock, and decreased to virtually 
zero in skeletal muscle. Figs. 8 and 9, however, suggest 
that a 50-60% level of hypoxia is not harmful to liver 
mitochondria. This should not be surprising, siace this 
level of tissue hypoxia provides an oxygen concentration 
much above the critical point for optimal mitochondrial 


electron transfer reactions. Zero order utilization of oxy- 


gen is carried well below 0.1 „M oxygen; the apparent 
Km for oxygen in rat liver mitochondria is 0.042 «M°. In 
contrast to pure hypoxia in the presence of adequate tis- 
sue perfusion, ischemia produces mitochondrial zhanges 
similar to those seen after hemorrhage and endotox- 
emia.*" 

Our current hypothesis concerning the sequence of 
events leading to subcellular deterioration of function, 
following endotoxemia and hemorrhage, is presented 
schematically in Fig. 10. Endotoxemia and hemorrhage 
lead to a common pathway. This is obvious from the 
similarity of the terminal subcellular events in both types 
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Fic. 10. A schematic diagram of a proposed mechanism and se- 
quence of cellular damage in the liver following endotoxemia and 
hemorrhage. 


of injury. This finding is at least compatible with the 
suggestion that, in hemorrhage, the endotoxemia is cen- 
tral to the development of the lethal shock state.?° Endo- 
toxemia and hemorrhage both produce tissue hypoxia, 
perhaps by different mechanisms. Tissue hypoxia might 
be involved in the later stages of cellular damage. Our 
experiments suggest, however, that tissue hypoxia alone 
is not an etiologic factor in the mitochondrial dysfunc- 
tion. 

Endotoxin administered in vivo, indirectly affects cell- 
ular membranes, both structurally and functionally. We 
propose that endotoxin can act through the formation 
of a secondary component, specified in the diagram as 
a “membrane toxin.” It is possible that a portion of' the 
endotoxin molecule per se, or in combination with an- 
other component of the blood, may comprise this toxic 
entity. The “membrane toxin” would have to penetrate 
various biologic membranes and have a damaging effect 
on cell membranes, capillary membranes, and intracellu- 
lar membranes. As to the latter, we have shown altera- 
tions in the integrity of mitochondrial and lysosomal 
membranes. 

Our data do not provide direct evidence for intracellu- 
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lar interaction between mitochondria and lysosomes dur- 
ing endotoxemia and hemorrhage. It is quite suggestive, 
however, that released lysosomal enzymes contribute to 
the mitochondrial damage. The reverse sequence would 
conform to the above observations; the lysosomal break- 
age could be secondary to mitochondrial damage, induc- 
ing lysosomal uptake of membraneous debris, swelling, 
and later breakage and release of enzymes. 

The experimental evidence accumulated thus far does 
not conclusively implicate a specific, single etiologic 
agent which causes all of the subcellular abnormalities 
in experimental shock. Progress, at the cellular level, 
toward a strict definition of the shock state, reversible 
and irreversible, is being made, with a number of com- 
plex interactions yet to be elucidated. 


Summary 


During E. coli endotoxemia and hemorrhagic hypo- 
tension in the rat, liver lysosomal acid phosphatase ac- 
tivity was found to decrease concomitantly with pro- 
gressive mitochondrial impairment. Total liver acid 
phosphatase activity dropped 50% below control levels 
by 5 hours. The lysosomal fraction showed a 70% de- 
crease in acid phosphatase activity. There was no rela- 
tive increase in the enzyme activity of the supernatant 
fraction. Lysosomal enzymes added to normal intact 
mitochondria in vitro caused loose mitochondrial coupl- 
ing, inhibition of ATPase and Ca’ transport, but no 
inhibition of State 3 respiratory activity—the only shock- 
induced mitochondrial defect not reproduced bv lyso- 
somal enzymes in vitro. 

Tissue Fos values during hemorrhage and endotoxemia 
were found by oxygen microelectrode measurements, to 
be 50% below control in liver, and virtually zero ir skele- 
tal muscle. Experimental 30-60% hypoxia was induced by 
breathing nitrogenated air (16% to 9% oxygen). Under 
these conditions, the shock-induced liver mitochondrial 
alterations could not be reproduced. 

These data suggest that lysosomal enzyme relezse, ob- 
viously occurring in the liver during endotoxemia and 
hemorrhage, could be partially responsible for the mito- 
chondrial impairment seen in experimental shock. How- 
ever, our data do not conclusively prove a causal rela- 
tionship between lysosomal and mitochondrial damage 
in the cell. These might simply be chronologically paral- 
lel cellular phenomena, caused by some as yet unidenti- 
fied membrane toxin. Pure tissue hypoxia, to the extent 
that it occurs in our experimental models, plays no role 
in the pathogenesis of the mitochondrial alterations. 
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“Minilap”: An Accurate, Rapid and Safe Approach 
to the Diagnosis of Liver Disease and Jaundice 


MARVIN J WEXLER, M.D., F.R.C.S.(C), A. PETER H. MCLEAN, M.D., F.R.C.S.(C), 


HE DIFFERENTIAL DIAGNOSIS of patients with abror- 

malities in “liver function tests”, still presents a most 
challenging problem. The dilemma of whether a patient 
has “medical” or “surgical” jaundice often results in a 
prolonged period of expensive diagnostic testing culmi- 
nating in a period of deliberate procrastination in the 
hope that the evolution of the disease will clarify the 
diagnosis; or, an exploratory laparotomy. If the resaltant 
diagnosis is infectious or chronic active hepatitis, cr zir- 
rhosis, the latter procedure is often to the marked detri- 
ment of the patient.’ They are frequently poor su-gical 
risks and the surgeon is reluctant to operate unless he 
is certain he can offer some therapy as a by-produc: of 
his diagnostic procedure. As well, the preoperative de- 
termination of the location, nature and extent of Lil:ary 
tract abnormalities is invaluable in planning the cp2ra- 
tive procedure more precisely. For tumors, the peior 
knowledge of spread and resectability is importen- in 
decreasing mortality. 

For the past year a single vigorous diagnostic apprcach 
to these problem cases has been employed utilizing a 
sequence of established diagnostic procedures (Table 1) 
performed at a single “sitting” called “minilap.” This >ro- 
cedure was initially performed only on difficult diagncstic 
liver problems. Because of the simplicity and uniformly 
good results, this approach would now seem apprapriate 
as an investigation to be performed early after adrrission 
on all except the simplest cases presenting with liver 
abnormalities. 


Methods 


The patient is sedated with Diazepam and taken tc the 
angiography suite of the Radiology Department. The ab- 
domen is prepared under strict aseptic technique. A snall 
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area of the linea alba midway between the ziphoid and 
umbilicus is infiltrated with 0.5% Zylocaine and a 3 cm. 
midline incision is made. The linea alba and peritoneum 
are carefully opened. The index finger is introduced and 
finger palpation of the surface of the liver is performed 
and the falciform ligament exposed. The umbilical vein 
lying in its lower portion is then isolated, cleaned, dis- 
tally ligated and partially transected as previously de- 
scribed.!®14 The vein is gently dilated with Bakes dilators 
while on traction, with the index finger of the opposite . 
hand along the undersurface of the vein, to guide the 
dilator. Once the umbilical-left portal vein membrane is 
opened, as evidenced by the return of free blood, a black 
Odman radiopaque catheter with curved guide wire is 
inserted and manipulated under fluoroscopic control into 
the main portal system. The guide wire is removed and 
portal pressure is measured with a saline manometer. 
The catheter is fixed in position with a ligature, and a 
bolus of 50-75 cc. of diatrizoate meglumine (Renografin 
76) is injected by automatic pressure injector at a rate 
of 10 cc. per second. Serial films are exposed with a 
Picker-Amplatz rapid film changer set for one film per | 
second for 10 seconds and one every 2 seconds for an 
additional 10 seconds. The catheter is then removed and 
the umbilical vein ligated. 

A 20 gauge 6 inch needle is fully inserted ‘into the right 
lobe of the liver from the anterior edge directed crani- 
cally and posteriorly. It is then slowly withdrawn while 
injecting contrast medium under fluoroscopic control. A 
hepatic vein is usually entered in the region of injection, 
and the immediate washout of dye is observed. If any 
abnormal displacement or delay in clearance of the dye , 
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TABLE 1. Procedure for Minilap. 





3 cm incision under local anesthesia opening peritoneum 
. Finger palpation of liver and portahepatis 
. Umbilical vein catheterization and measurement portal pressure 
. Portal venogram with umbilical catheter in main portal vein 
. Transhepatic cinefluroscopic, hepatic vein venography 
. Transhepatic cinecholangiography both lobes 
Direct vision aspiration, needle biopsy abnormal areas 
. Others: a. Inferior venacavagram 
b. Splenoportogram 
c. Peritoneoscopy 


CONAN wh 








is encountered, films are taken. The needle is further 
withdrawn until the bile duct system is enterec as seen 
fluoroscopically. A slow injection of 30 cc. of Renografin 
76 is then made and sequential films exposed in anterior, 
and lateral projection and on cine. The needle is then 
removed and the exit site sutured or cauteriaed. The 
same technique may be repeated in the left lobe. 

Following cholangiography, direct vision aspiration 
biopsies are performed using a 1.2 mm Menghini needle” 
in all areas of suspicion. Bleeding is easily centrolled 
with pressure, hemostatic gauze, or a mattress suture, 
even with markedly elevated prothrombin times. After 
ensuring meticulous hemostasis, the abdomen 5 closed 
with interrupted 2-0 silk sutures on the peritoneum and 
linea alba, the skin approximated with steristrips and a 
pressure dressing applied. 

During the procedure, which takes approximacely one 
hour, the patient is fully awake but sedated w th Dia- 
zepam or Ketamine. If much ascitic fluid is drained, 
appropriate intravenous replacement is given, Ozcasion- 


Fic. la. Liver scan in Case No. 1 reveals moderate hepaomegaly 
and a large filling defect in the right lobe (arrow), The spleen 
is minimally enlarged with relatively increased uptake. 


“MINILAP” 


ally, additional procedures such as inferior venacava- 
gram peritoneoscopy, or spleno-portography are per- 
formed at the same time. 


Case Reports 


The following are representative case histories from the initial 
13 patients who underwent minilap, which demonstrate the spec- 
trum of problem cases and the efficacy and applicability of this 
approach, 

Case No. 1. A 46-year-old Formosan physician was admitted 
with a one-week history of fever, malaise, pedal edema and ab- 
dominal distention. Jaundice was noted on the day prior to ad- 
mission. He had no previous history of jaundice, liver disease, or 
exposure to drugs or hepatitis. He denied any weight loss and 
consumed no alcohol. 

Physical examination revealed a thin, alert, Chinese male with 
obvious icterus. His liver was slightly enlarged and tender. There 
were no peripheral stigmata of cirrhosis. Marked pedal edema and 
a suggestion of ascites were noted. 

Laboratory data revealed marked and progressive derangement 
of all liver enzymes and severe abnormalities in coagulation. The 
total bilirubin rose from 5.8 mg to 21.5 mg on Day 4 (50-65% 
conjugated). The serum glutamic oxaloacetic transaminase 
(SGOT) rose to 4,000 units (N 8-40), the lactic dehydrogenase 
(LDH) 2,000 units (N 100-350), and alkaline phosphatase 46.6 
units (N 3-13). Hemoglobin (Hgb) was 12-15 gm., the white 
cell count 9,000-11,000, and the prothrombin time between 25 
and 30 seconds (control-12 sec.). Platelets averaged 25,000 per 
cu. mm. Blood cultures, Australian antigen, Paul Bunnel, stool 
examination for ova and parasites, and amoebic antibody search, 
were all negative. 

Rapid deterioration occurred with high fevers and abdominal 
pain. Liver tenderness and ascites increased. On the third hospital 
day he became mentally confused, with progressive oliguria. A 
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Fic. 1b. Umbilical vein portogram in Case No. 1 demo strates 
marked displacement of the intrahepatic portal venous system 
centrally with very sparse, irregular filling in the right lobe There 
are severe varices in the gastric fundus and esophagus arising 
from the splenic and coronary veins. 





Fic. 
rows) around a central tumor mass. The dye was very 
cleared indicating hepatic vein obstruction. 


lc. The right hepatic veins are distorted and displaced (ar- 
slowly 
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technetium sulphur colloid liver scan revealed moderate hepato- 
megaly, with a large filling defect in the right lobe (Fig. la). A 
technetium 99M pertechnetate blood “flow” study revealed rela- 
tive hypovascularity of this defect. Minilap was performed. 

Finger palpation revealed a coarsely cirrhotic liver. Portal pres- 
sure measured greater than 40 cm. of saline and ascites was 
present. On portogram, a large mass was seen occupying most of 
the right lobe of the liver and there were extensive collaterals 
and varices to the esophagus and stomach (Fig. 1b). The hepatic 
veins in the right lobe were markedly displaced around a central 
tumor mass and there was almost no clearing of the dye sug- 
gesting right hepatic vein obstruction (Fig. lc). Biopsies revealed 
post-necrotic cirrhosis and necrotic hepatocellular hepatoma. The 
sinusoids were markedly engorged. 

Comment. This patient presented an extremely difficult diag- 
nostic problem and a differential diagnosis which ranged from 
infectious hepatitis, suppurative cholangitis and abscess to 
clonorchis sinensis, and metastatic tumor. With the filling defect 
in the liver, extremely high enzymes and relative “hypovascularity ” 
of the tumor, it was hoped that perhaps .a surgically treatable 
abscess would be present. With the rapid deterioration and marked 
coagulation abnormalities, the risk of laparotomy was great. 
Minilap was performed without difficulty despite these abnormali- 
ties. It established the unsuspected diagnosis of post-necrotic cir- 
rhosis, as well as severe portal hypertension, esophageal varices, 
hepatoma, and right hepatic venous obstruction. The extensive 
necrosis within the tumor accounted for the marked elevations 
in enzymes and the misleading lack of vascularity. 

Case No. 2. Mr. J. J., a 55-year-old radiology technician with 
previously suspected hemachromatosis and alcoholism was first 
admitted to our hospital with a one-week history of sudden onset 
of pedal edema, abdominal pain and distention. He was perfectly 
well and had had no medical treatment or supervision over the 
previous 5 years. He denied recent alcoholic intake, but noted a 
20 lb. weight loss over 6 months. 

Physical examination revealed an alert emaciated man in some 
distress with abdominal pain. His abdomen was grossly distended 
with ascites. The liver was hard, nodular and palpable 12 cm. 
below the right costal margin. The spleen was not palpable. 
There was marked pitting edema of the legs. 

Laboratory investigation revealed a Hgb. of 16.6gm., and 
white cell count of 8,400. Liver enzymes were only slightly ab- 
normal. Iron and bone marrow studies confirmed the diagnosis of 
hemachromatosis. Abdominal paracentesis revealed low protein 
transudate with no malignant cells. Alpha fetoprotein was nega- 
tive. Complete upper and lower G.I. investigations revealed only 
gastric displacement due to extrinsic hepatic compression. No 
varices, ulcers, or tumor were seen. Liver scan showed hepato- 
megaly. There was no visualization of the left lobe, with activity 
mainly confined to the lateral portion of the right lobe (Fig. 2a). 
Splenic activity appeared normal. 

Minilap was requested for documentation and assessment of 
possible caval or hepatic vein obstruction and suspected hepatoma 
of the left lobe. 

Inferior venacavagram was performed prior to opening the 
abdomen. This was normal. Finger palpation revealed the entire 
liver studded with hard tumor nodules. The left lobe of the 
liver was absent and most of that palpable to the left of the mid- 
line was tumor. Several liters of ascites were present. Portal pres- 
sure measured 38 cm. of water. Umbilical vein portogram was 
easily performed inspite of the distorted hilum. The portal radicals 
within the liver showed poor filling in the upper and mid portion 
and along the liver edge anteriorly. The typical “wintertree” 
appearance of cirrhosis was seen in those branches which did 


fill (Fig. 2b). There was no filling in the left lobe. Multiple 
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collateral channels were seen running inferiorly and superiorly 
to esophageal and gastric varices. During the hepatogmm phase 
multiple large and small radiolucent defects were seen tiroughout 
the liver (Fig. 2c) typical of metastatic tumor. Direct biopsy 
of the nodules revealed mucous adenocarcinoma as 
well as cirrhosis and hemachromatosis. 


secreting 
The patient expired several weeks later. Autopsy sħowed the 
entire liver studded with multiple metastatic nodules wth a huge 
tumor mass in the perihilar region. The left lobe of the liver 
was markedly atrophic and reduced to a small stump. A primary 
adenocarcinoma was found in the tail of the pancreas. 

Comment. After several weeks of treatment and extensive 
investigation, this man was thought to have decompensated cir- 
rhosis, hemachromatosis and a hepatoma in the left bbe of his 
liver. Minilap rapidly revealed an absent left lobe, henachroma- 
tosis and metastatic carcinoma. As well, he was shown to have 
varices and marked portal hypertension, neither of which was 
evident on Scanning or upper GI series. In spite of the presence 
of massive ascites, ascitic leakage did not occur post-eperatively. 
In this case, inferior venacavagram was performed a: the same 
time. 

Case No. 3. F.G., a 69-year-old housewife preserted with a 
2 week history of food sticking in her upper abdomen. These 
symptoms improved on a liquid diet but a ten pound weight 
loss was noted. On examination, she was noted to be jaundiced 
and was hospitalized. 

Physical examination revealed a jaundiced but otherwise healthy 
appearing female. soft, nontender liver was palpable 3 cm. 
below the right costal margin. The spleen was not palpable and 
the remainder of the examination was normal. Labcratory data 
included a total bilirubin of 4.4 mg, (80% conjugated), SGOT 
289 units, alkaline phosphatase 87 units, albumin 3.6 g. per 100 
ml, and Hgb. 13.2 g. 

On her first hospital day, an upper GI series was performed 
which showed only a small hiatus hernia. A liver scan on the 
second hospital day revealed a radiolucent area centrally, com- 
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Fic. 2a. Liver scan in Case No. 2 demonstrates an enlarged liver 
with no visualization of the left lobe. The activity 
“spleen appears normal. 
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Fic. 2b. The portal radicles within the liver substance show 
poor filling in the upper, mid-portion and along the liver edge 
anteriorly. There is no visualization of the left lobe and the left 
portal branch is seen to be cut off (arrow). Filling in the re- 
maining liver has a typical “wintertree” appearance of cirrhosis. 
Multiple collateral channels are seen on the left side running 
both infe Ty and superiorly to esophageal (clear arrows) and 
gastric varices 





Fic. 2c. During the hepatogram phase there are multiple large 
and small radiolucent defects throughout the visualized right 
lobe indicating metastatic tumor. 
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Fic. 3a. Liver scan in Case No. 3 demonstrates a radiolacent 
area centrally (arrow), compatible with an enlarged gallbladder. 
It is otherwise normal. 





Fic. 3b. Umbilical vein portogram shows filling of a sligatły 
dilated portal vein (p v), the superior (sup m) and infeior 
(inf m) mesenteric and splenic (spl) veins, as well as numemus 
retroperitoneal collaterals. There is extensive abnormal vermus 
drainage from the region of the pancreatic head (arrow) mto 
the superior mesenteric drainage. This represents venous drainage 
from a tumor of the head of the pancreas. 
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Fic. 3c. Transhepatic cholangiogram in Case No. 3 demonstrates 
a complete tapered obstruction of the common duct for a distance 
of several cm. (arrows). There is filling of a dilated gallbladder 
which contains many faceted radiolucent calculi. 


patible with an enlarged gallbladder, but was otherwise normal 
(Fig. 3a). On Day 3, a minilap was performed. Finger palpation 
revealed a liver obviously riddled with tumor. This was con- 
firmed by portography, which also demonstrated a patent portal 
vein and a tumor in the head of the pancreas (Fig. 3b). Chol- 
angiogram showed evidence of malignant occlusion of the distal 
common bile duct proximal to the ampulla, with total obstruction 
and a dilated gallbladder filled with numerous large stones (Fig. 
3c). Biopsy of a tumor nodule revealed infiltration by a moderately 
well differentiated adenocarcinoma. The patient underwent chol- 
ecystectomy and choledochoduodenostomy and was discharged 
shortly thereafter. 

Comment. In a woman presenting with upper gastrointestinal 
complaints and jaundice, a diagnosis was rapidly made and 
treatment instituted. Liver metastasis were not seen on liver scan, 
but were obvious on portogram which also demonstrated the 
tumor in the head of the pancreas and in addition showed the 
portal vein to be uninvolved by tumor, a fact of invaluable help 
in planning possible curative surgery in this area. The exact site 
and extent of the biliary obstruction was clearly seen pre-opera- 
tively. Should no surgery have been elected, this could have 
been avoided with minimal fear of biliary leakage, as the exit 
site of the biliary needle tract was securely sutured and observed 
at the termination of the procedure. 

Case No. 4. Mrs. S.G.D., a 46-year-old Italian immigrant 
was admitted in 1969 with swelling of her abdomen and legs. 
Hepatosplenomegaly and mildly abnormal liver function was 
documented. In 1970, she had 2 further admissions for jaundice 


and edema and required blood transfusions for an upper gastro- 
intestinal bleed. In November 1970 was admitted to the 
Royal Victoria Hospital for the first time after an episode of 
syncope. 

Physical examination revealed a mildly icteric obese, female. 
A firm, smooth and slightly tender liver was palpable 5 cm. 
below the right costal margin. The spleen was firm aad palpable 
down to the umbilicus. Pedal edema and ascites were present. 
There were no peripheral stigmata of cirrhosis. There was a 
2 cm. hard nodule in the left breast. 

Laboratory data included a Hgb. of 10.2 g., white cell count 
of 3,600, reticulocytes of 3-4% and a platelet count of 80,000 
per cu. mm. The prothrombin time was 21 sec. +control 12 
seconds) and it did not respond to parenteral vitamin K adminis- 
tration. The total bilirubin was 5 mg., (50% conjugated), SGOT 
150 units, LDH 500 units, alkaline phosphatase 11.9 units, and 
albumin 2.9 g. per 100 ml. Mammograms were highly suggestive 
of carcinoma in the left breast. In view of the anemia and hepa- 
tosplenomegaly, a prolonged and extensive hematolog cal investi- 
gation was undertaken. All studies were normal except for the 
presence of an iron deficiency state. On liver scannimg, at least 

o “cold” areas were seen in the right lobe (Fig. 4a) A minilap 
was performed. 


she 


Finger palpation and visualization revealed a pale, aard, finely 
nodular liver with no obvious tumor. A smooth, soft spleen was 
easily seen and felt. Portal pressure measured 28 cm of water. 
The left portal vein was easily entered, however the catheter 
could not be passed into the main portal vein. Portogram per- 
formed with the catheter in this position gave good opacification 
of the right lobe and showed a large, relatively negative filling 
area centrally and in the lateral portion (Fig. 4b). Eecause the 
portal vein could not be entered, a splenoportogram was per- 
formed through the minilap incision with the spleen tip im- 
mobilized in direct view. This demonstrated a normal patent 
portal system. No varices were seen on either examination. Trans- 
hepatic cholangiogram outlined a normal biliary tree. Several 
needle biopsies were performed with the needle directly in the 
suspect areas. The liver was hard and gritty. Microscope examina- 
tion revealed chronic active hepatitis with micronodular cirrhosis, 
histologically far advanced and progressive with active piecemeal 
necrosis. The questionable areas on scan and portogram were 
regenerating nodules with no tumor. 

Comment. This case represents another difficult diagnostic 
problem in which percutaneous liver biopsy could not be per- 
formed because of abnormal coagulation. The minilap quickly 
and easily gave the diagnosis. This approach alsc excluded 
varices and definitively ruled out metastasis by disect vision 
biopsy of the “suspicious” areas. A laparotomy ard general 
anesthesia was avoided which might have proved detrimental 
to the patient in view of the serious and unsuspectec extent of 
her liver disease. Excisional biopsy of the breast carcmoma was 
performed under local anesthesia and the patient rapidly dis- 
charged for radiation. A splenoportogram was safely performed 
through the abdominal incision under 
portal thrombosis. 

Case No. 5. J.R., a 26-year-old male was first admitted to 
our hospital in April 1971 with a 3-day history of progressive 
drowsiness and mental confusion and rapidly went nto coma 


direct vision o exclude 


with gross liver flap. The spleen was palpable 3 cm. below the 
left costal margin but there was no hepatomegaly ør icterus. 
for 
mildly abnormal liver function and fluid retention, and 3 months 
previously for coma, 


He had several hospital admissions elsewhere since age 22, 


thought secondary to drugs ani alcohol. 


eHe had felt perfectly well since his previous discharge and 
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Fic. 4a. Liver scan in Case No. 4 demonstrates hepatospleno- 
megaly with concentration of the bea a in the spleen being 
much above that in the liver suggesting hypersplenism. The liver 
appears to have at least two areas of decreased uptake in the 
right lobe (arrows). 


denied any recent drug or alcoholic intake, fevers or bleeding. 
He gave no past history of hepatitis or jaundice. 

Laboratory Bee ens revealed a Hgb. of 11.3 gm, a 
white cell count of 2,900 and a platelet count of 69,000 per cu. 
mm. Total bilirubin was 2 mg, SGOT 113 units and alkaline 
phosphatase 30 units. Percutaneous liver biopsy was attempted 
four times. No tissue was obtained and further attempts were 
abandoned when the platelet count fell to 22,000 per cu mm! 
Minilap was performed. 





Fic. 4b. Portogram with the catheter in the left portal branch 
shows a large relative filling defect in the central upper portion 
of the liver (arrows) and in the lateral segment of the right lobe. 
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Fic. 5a. With the tip of the catheter in the splenic vein of Case 
No. 4, the dye is seen to flow in a retrograde direction though 
the splenic vein to the hilum of the spleen and then inferiorly 
through a spontaneous shunt to the left renal vein, back across 
the midline to enter and opacify the inferior vena cava. 





Fic. 5b. The catheter is now in the left intrahepatic portel vein 
and the injection repeated. Good filling of the intrahepatic portal 
system occurs but there is predominantly retrograde flow down 
the portal system and the large splenorenal shunt is again cemon- 


strated. A huge coronary vein courses across the midline tc enter 


the hilium of the spleen without the formation of esophageal 
varices. The liver is markedly shrunken and the portal raidicles 
are shortened and tortuous with excessive angulation. 
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Numerous dilated properitoneal veins were encountered on 
entering the linea alba. The liver was not palpable. The umbilical 
catheter was easily passed into the umbilical vein, down into a 
small, posteriorly lying liver, and into the splenic vein. A huge 
spontaneous splenorenal shunt was demonstrated with no flow 
of dye to the liver. (Fig. 5a). The catheter was pulled back 
into the left intrahepatic portal vein. Repeat studies again showed 
marked reversal of flow in the portal and splenic veins with a large 
splenorenal shunt. The hepatoportogram showed a markedly 
shrunken liver with features of severe cirrhosis (Fig. 5b). Since 
the liver could not be seen or palpated, the minilap was terminated. 
Subsequent wedged and free hepatic vein studies also showed the 
changes of stage V cirrhosis as described by Smith, et al? The 
patient responded to purgatives, neomycin, and protein restriction 
and was rapidly discharged. 

Comment, Surgical consultation was obtained after 12 previous 
attempts at percutaneous biopsy over a four year period had 
failed. Platelet count had fallen to 20,000. The risks associated 
with general anesthesia for this purpose were unusually high. 
Even after opening the abdomen under local anesthesia, the 
liver could not be seen or palpated. 

The information obtained at minilap was totally unexpected. 
As well as providing the definitive diagnosis, invaluable data 
was obtained in understanding the pathophysiology of this pa- 
tient’s problem which could not be acquired in any other manner. 


Discussion 


Liver biopsy, transhepatic cholangiography, umbilical 
vein portography, and the measurement of portal venous 
pressure, are all valuable diagnostic techniques. This 
study suggests that when combined and performed to- 
gether in the manner described, in patients with jaun- 
dice or other evidence of liver disease, an accurate diag- 
nosis can be made promptly and with safety, even in poor 
risk patients. Previous surgery in the right upper quad- 
rant or epigastrium, will limit the value of this procedure 
and should be considered a contraindication. 

We have rarely encountered a case in which the umbil- 
ical vein and subsequently the portal vein could not be 
entered, even in patients with advanced cirrhosis. Most 
of the dangers and failures in cannulation of the vein 
are due to perforation of the wall of the vein by the 
dilators, especially when the vein is compressed or dis- 
torted.?:!"> With this technic and the peritoneum open, 
the index finger is inserted posteriorly along the umbilical 
vein and acts as a support and guide for the dilator allow- 
ing considerable pressure to be applied. In one patient 
catheterization of the umbilical vein was felt to be haz- 
ardous because of the close proximity of a large hydatid 
cyst to the falciform ligament. 

In the earlier reports of umbilical vein catheterization 
and in many of the recent ones*!™4 the catheter is 
usually left in the left branch of the portal vein and thus 
visualization of the extrahepatic portal system and often 
parts of the liver, is very limited. The catheter should be 
passed into the main portal trunk utilizing fluoroscopy. 
This will result in excellent delineation of the entire 
portal venous system, its collaterals, and hemodynamics. , 


Vol.” 178 © No. 6 


The technique is very reliable in demonstrating gastric 
and esophageal varices (Fig. 1b, 2b) and retroperitoneal 
collaterals, and has demonstrated pancreatic tumors 
(Fig. 3b). One of its most valuable applications is the 
demonstration of space occupying lesions of the liver. 
Displacement of the intrahepatic portal vein branches 
around space occupying lesions can be seen with ease 
because of the high concentration of contrast medium 
obtained by the injection directly into the portal vein. 
In the hepatogram phase, when the whole liver is opaci- 
fied, filling defects as small as 0.5 cm. can be seen (Fig. 
2c). Intrahepatic metastasis have been identified which 
have been missed on laparotomy and particularly on liver 
scanning (Cases No. 2, 3). The detail and data obtained 
with rapid sequential filming with the catheter well into 
the main portal system, results in information superior 
to splenoportography, liver scanning, csophagograms 
(for varices), and gives detail equivalent to selective 
arteriography!!! with more ease and less risk. 
Transhepatic cholangiography is a valuable part of 
the “minilap.” Performed in the manner indicated, inject- 
ing the contrast while slowly withdrawing the needle 
under fluoroscopic control, rarely fails to visualize the 
biliary tree even in patients without dilated radicles. As 
well, a picture of the hepatic venous outflow 5 usually 
obtained, since small hepatic veins are easily entered 
and the contrast is seen to be quickly washed out into 
the venacava. In cases of impaired outflow, the veins do 
not empty rapidly and films may be obtained (Fig. Ic). 
Performed under direct vision at the time of “minilap,” 
the hazards and risks of percutaneous tranmshepatic 
cholangiography, notably uncontrolled bile leakage, 
hemorrhage or perforation of the gallbladder," cre elimi- 
nated. The need for urgent operation when a diated sys- 
tem is entered, is lessened. Cinefluorography increases 
the information obtained from the procedure as has been 
emphasized by Myers, et al.” It provides contirmuous ob- 
servation during gradual filling of the biliary system. 
Small filling defects and deformities are recognized as 
filling occurs, before being obscured by large cuantitics 
of contrast. The diagnostic accuracy in both the jaun- 
diced patient and the patient with liver disease of ob- 
scure etiology is greatly increased. This investigation 
gives precise data about the site and extent cf biliary 
obstruction and often with the characteristic appearance 
of the biliary tract near the point of obstructicn, about 
the nature of the lesion (Fig. 3c). It provides another 
three dimensional picture of the liver, which enables 
one to confirm what might have been equivocal on 
earlier investigations. It also enables one to see unsus- 
pected gallbladder and common duct stones that might 
have no positive diagnostic findings with other studies. 
Finally, it enables the surgeon to plan with more pre- 
cision, the nature of a biliary shunt, if one is te be per- 
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formed (Case No. 3). Combined with portal venography 
which demonstrates the vascular anatomy and extent of 
a tumor and intrahepatic metastasis, the surgeon has 
most of the information necessary to plan his operation 
to diminish operative time and morbidity. 

Liver biopsy is a useful and safe technique when per- 
formed with the aspiration needle as recently reviewed 
by Menghini.* However, the method used percutaneously 
in patients with metastatic tumor, hepatoma, and even 
cirrhosis can be extremely misleading since it gives only 
a small sample which can easily miss the lesion or be 
unrepresentative. With the present technic the needle is 
inserted directly under vision into those areas that are 
suspect. This is often of crucial importance as illustrated 
in Case No. 4 where the “cold” area seen on both scan 
and portography proved to be only regenerating nodule 
and not tumor. An elevated prothrombin time is not a 
contraindication when performed at minilap (e.g. Cases 
No. 1, 4) since abnormal bleeding can be directly con- 
trolled. 

The inadequacy of the exploratory and “blind” lap- 
arotomy cannot be over emphasized. There is a need 
for avoiding unnecessary surgery and general anesthesia 
in the very ill, the bleeder, and other high risk groups. 
The increased risk in patients with hepatitis and cir- 
rhosis is well documented.*~° Often, however, one is 
encouraged and is prone to rush to explore the better 
risk patients with the attitude that all the answers will 
be obvious at laparotomy. The minilap will often pay in- 
calculable dividends. Intrahepatic stones are often dem- 
onstrated which are frequently missed at surgery; deep 
intrahepatic metastasis are occasionally seen before they 
are palpated; hemodynamic information is obtained in 
the cirrhotic which may allow for better selection of pa- 
tients for shunting and choice of procedure; resectability 
and vascular anatomy is demonstrated in cases of un- 
suspected tumor, and finally, the pre-operative knowl- 
edge of the specific diagnosis and its extent will aid the 
surgeon to plan his approach more intelligently. 

The procedure of minilap using a combined surgical, 
radiological team has been in use in our institution for 
two years. It has been highly accurate in establishing 
the correct diagnosis. It was felt to be a useful proced- 
ure in all except one of 23 patients. The average time 
for performance is one hour and it has always been done 
under local anesthesia or epidural block w ithout serious 
discomfort to the patient. It has been performed on sev- 
eral cases with gross ascites (e.g. Cases No. 1, 2), with- 
out problems of ascitic leakage, and on cases with co- 
agulation disorders (e.g. Cases No. 1, 4, 5) with safety 
and without post-operative hemorrhage or biliary leak- 
age. One patient developed hemoperitoneum which was 
felt to be due to a technical error. No cases of wound 
disruption or sepsis have occurred even in severely de- 
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bilitated patients although several have had delayed 
healing. One patient with marked portal hypertension 
and carcinomatosis showed thrombosis of the portal vein 
at autopsy, several days after minilap, at which time 
umbilical vein catheterization had demonstrated a patent 
portal system. 


While this technique is “incisive”, it has proved ac- 


curate and safe. It can, in many instances, save th> pa- 
tient prolonged hospitalization or needless exploritory 
laparotomy, with its attendant discomforts. 


bo 


. Hargrove, 
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.S. Patent No. 3,695,271 


A new and unique device 
designed for use with 
Retention Sutures 


Cross-hatch scarring, infection and patient discomfort 
are serious and persistent problems. Booties, bolsters, 
guides and ordinary bridges press on the incision and cause 
skin necrosis. Exudates collect in them. They must be cut 
to the right length. 

With the new Deknatel Wound Span Bridge, contact 
with the skin is completely outside of the incision and suture 
exit points. This bridge spans the body contours and is 
cushioned at the two contacts with the skin. Cross-hatch 
scarring is virtually eliminated. Cutting and infection at 
suture exit points are minimal. Traumatized areas can be 
easily cleaned. 


PATENTED ARCH DESIGN Permits Easy Cleaning of 
Wound 


SPANNING OF BRIDGE Over Curvature of Abdomen 
Allows Easy Bandaging After Surgery With No ‘‘Flop-Over’’ 


FIVE SMOOTH SUTURE-RECEIVING APERTURES On 
Each Side Make Bridge Adaptable to Varying Distances 
Between Suture Exit Points 


SLOTTED GUIDE Keeps Suture Securely On Bridge 


CONTACT WITH SKIN IS COMPLETELY OUTSIDE For further data and samples, 
OF INCISION AND SUTURE EXIT POINTS hail 
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‘Can your surgical table do all this? > 


The Tower Table can. 


The Tower 3100 Surgical Table represents a new 
concept in design and performance. It not only offers 
superior anatomic positioning for all surgical 
procedures, but provides maximum exposure and 
superior access in any operative position. With the 
addition of components, the Tower 3100 Table 
System adds the dimension of multipurpose 
operating rooms. 

This adaptability allows for head and neck surcery, 
radical mastectomy, vein stripping, gall bladder 
surgery and many other procedures. 

The Tower 3100 Table means simpler schedufng, 
better utilization of personnel, less storage and 
moving problems. 


Five-section design. The Tower 3100 Table is designed ir five 
sections corresponding to five specific body parts — head, 
chest, pelvic area, thighs and lower legs. Table can be 
lengthened or shortened to accommodate small children o 
the largest adults by a quick turn of the control handle. 
Tower, as the narrowest operating table, permits the 

surgeon closer access. 





Lateral hammock, a Tower exclusive. Unexcelled for lateral 
positions ranging from hip prosthesis and IM nailings, to 
kidney, thoracic and other lateral procedures. Ideal for tctal 
hip procedures, since it will firmly but gently hold the pa ient 
in the same position from incision to closure without the use 
of sandbags and tape. The hammock with flexible Neoprene 
belt is gear-operated to elevate, lower, widen or narrow. 






Knee-Chest. Undoubtedly the finest position obtainable for 
laminectomies and lumbar fusions. Anatomic positioning 

and control of pressure on knees, anterior spines, chest, arms 
and face assure comfortable flexed position. Since the 
abdomen is completely free, venous pressure is reduced to 

a minimum, cutting blood loss dramatically. Since the 
diaphram is not constricted, anesthesia level is more 

easily maintained. 





Orthopedic phase. With the addition of the orthopedic 
component set, the Tower 3100 Table converts to an 
orthopedic table within minutes. All table components are 
kept in surgery so danger from outside contamination 

is minimized. 
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The Tower 3100 Surgical/Orthopedic Table is just one of 
many quality surgical products. For further information on 
surgical/orthopedic tables, Aire-Cast™ plastic casts, bone 
drills, bone mills, retractors, or external fixation kits, 
please call or write the Tower Company. 


ne lhe Tower Company, Inc. 
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LIGACLIP 


TRADEMARK 


Ligating Clip 
the locked-in 


S 





ot 





Why tolerate lost clips, sipped clips, 

or loose appliers? ETHICON, INC. now 

offers you the new reliable LIGACLIP Ligating 

Clips and Appliers. Meticulously crafted appliers 

grasp the clips and shape them to fit and lock into the 
applier. Unlike ordinary clips, they're secure from pick-up 
to closure. Just as ETHICON, INC. offers you 

LIGAPAK* Ligatures as @ superior alternative in suture 
ligation, this new system sets the standard in clip ligation. 
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unparalleled security 
from pick-up to closure 


secure transfer 
There’s no need for you—or the nurse— 
to maintain tension during transfer since 
the clip is locked in the applier. Trans- 
fer is fast and secure. 


accurate placement 

The applier and clips are designed to 
provide accurate alignment. Twisting 
and slipping are virtually eliminated. 


precise distal closure 

When you apply pressure, the Tantalum 
clip forms a precise distal closure. 
Applier withdrawal is smooth and easy. 





Leadership in Wound Repair 


Chemical Acidification of Wounds 
An Adjuvant to Healing and the Unfavorable Action 


of Alkalinity and Ammonia 


HARRY H. LEVEEN, M.D., GERALD FALK, M.S., BLANCHE BOREK, PHD., 
CARLOS DIAZ, M.D., YELVA LYNFIELD, M.D., BARBARA J. WYNKOOP, M.D., 
GUILHERME A. MABUNDA, M.D., JEANETTE L. RUBRICIUS, M.D. 


AILURE OR DELAY in wound healing occars rather 
Po in contaminated wounds even n the ab- 
sence of invasive pathogens. Some granulating wounds 
not only fail to heal, but occasionally the surfece is cov- 
ered with necrotic slough. In the absence of pathogens, 
a reason for the healing defect is obscure, and therapy 
is decided by trial and error. If healing is impaired after 
an anastomosis of the large bowel, leakage can cause 
fatal peritonitis. Colonic anastomose normally heal quite 
slowly, and the development of tensile strength is de- 
layed as compared to the clean anastomosis cf stomach 
and small bowel.'* Leakage is especially frequent in 
low colonic anastomosis™!4 and constitutes a clinical 
problem. Could there be some single factor which might 
account for delayed healing of contaminated wounds 
in a diversity of clinical situations? 

One requirement of all healing tissues is am available 
supply of oxygen. Molecular oxygen is required for the 
synthesis of collagen and the growth of fibrob asts. Even 
under normal circumstances, less oxygen is available for 
healing in wounds than is optimal for tissue needs.!” 
Open wounds created in rats by excision of skin heal 
more rapidly if the rats are placed in an atmosphere of 
40-50% oxygen rather than 20% oxygen.* Winter and 
Perins** found that epitheliazation of rat wounds was 
enhanced by exposure of the animal to hyperbaric oxy- 
gen. Topical hyperbaric oxygen has been usec as an ad- 
juvant to accelerate the healing of bed sores.” These ex- 
periments confirm that the healing rate of wounds is 
restrained by the amount of oxygen available and that 
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hyperbaric oxygen effectively accelerates wound healing. 

More recently, factors which influence oxygen trans- 
port to the tissues has come under scrutiny. The con- 
version of oxyhemoglobin to reduced hemoglobin is 
catalized by 2-3 diphosphoglycerate (DPG) and the en- 
zymes which control its release in the human erythro- 
cyte.! Erythrocytes deficient in 2-3 DPG will release 
oxygen only at abnormally low oxygen tensions. Such a 
defect in the oxygen transport mechanism can produce 
considerable tissue anoxia. The ability of bank blood to 
transfer oxygen is considerably impaired in direct rela- 
tionship to the period it has been stored. This can pro- 
duce a circumstance where massive transfusions will fail 
to restore tissue respiration, since the transfused blood 
no longer carries sufficient oxygen. Similar defects have 
been found in disease.'* Any circumstance which sig- 
nificantly impedes the release of oxygen from oxyhemo- 
globin would impair oxygen transport to the tissues suf- 
ficiently to interfere with wound healing and to cause 
tissue necrosis. 

Oxyhemoglobin releases its oxygen more readily in 
an acid environment. In the classical Bohr effect, the 
greater affinity of deoxyhemoglobin for protons results 
in a decreased affinity of hemoglobin for oxygen. Physio- 
logic situations take advantage of the Bohr effect. During 
exercise, lactic acid and carbon dioxide accumulate in the 
tissues and facilitate the conversion of oxyhemoglobin 
to reduced hemoglobin, thereby assuring the maximum 
release of oxygen for tissue needs and the greatest possi- 
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ble A-V oxygen difference. Exercise drops the surface 
pH of the muscle precipitously. 

The adverse effect of alkalinity on tissue oxygen avail- 
ability can comparably deprive wounds of oxygen by 
stabilizing oxyhemoglobin. Some bacteria produce am- 
monia which in itself is necrotizing but which could im- 
pair oxygenation of the tissues by raising the pH. Zven 
small changes in pH could induce wide changes in 
wound oxygen concentration. The effect of pH on the 
standard oxygen dissociation curve as obtained by Dill 
is shown (Fig. 1). Although this curve has been nore 
recently refined,’ its shape, for the most part, remains 
unchanged. Notice that as the pH decreases, the standard 
oxyhemoglobin dissociation curve is moved to the right. 
At low oxygen tensions, a change as small as 0.4 œ pH 
unit will appreciable enhance the release of oxygen from 
oxyhemoglobin. Hunt? has shown that the pO, o- the 
early healing wound is about 20mm Hg. The starmlard 
dissociation curve at 20 mm shows that oxyhemog obin 
constitutes 38% of total hemoglobin at pH 7.6 and 2)%@ at 
pH 7.0 (Fig. 1). Notice that a shift of pH by only 0.6 
releases almost 50% more oxygen. Any factor which czuses 
even a small change in the pH of the healing wound 
might appreciably alter the available supply of oxygen to 
the tissue. Conversely, even mild acidification of a wound 
might substantially hasten healing by enriching the sup- 
ply of oxygen to the tissues. Such an attractive thecreti- 
cal premise warrants the confirmation of experimental 
method. 

The present study examined the affect of pH aEera- 
tion on wound healing and the potential of utilizing the 
Bohr effect to increase the availability of oxygen tc the 
tissues. The pH of healing surface wounds were meas- 
ured, and explanations for diviations from the pH of nor- 
mal plasma were sought. Since alkalinity of the weund 
would result in an inappropriate Bohr shift and deprive 
the healing wound of oxygen, factors which influence the 
alkalinity of surface wounds such as growth of ammonia 
producing bacteria and CO, diffusion from the open sur- 
faces were examined. Since ammonia is in itself a -oxic 


100 


Fic. 1. The percentage of oxy- 
hemoglobin is plotted against 
partial pressure of oxygen. 
These are the standard Femo- 
globin-oxyhemoglobin dis ‘ocia- 
tion curves. Notice that alka- 
linity shifts the curve to the left 
which tends to keep oxylemo- 
globin fully saturated evn at 
low oxygen tensions. The par- 
tial pressure of oxygen usually 
found in wounds is abort 20 
mm Hg. A shift of the pd by 
0.6 almost doubles the quantity 
of oxygen released. 
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substance, the necrotizing effects of ammonia must be 
carefully separated from the effect of alkalinity on oxy- 
gen transport. The effect of pH on the toxicity of am- 
monia for cells must be examined in vitro where the 
oxygen transport system is not involved. Also, the role 
that ammonia plays in the necrosis produced by urease 
producing micro organisms should be evaluated in ani- 
mals immunized to urease. Finally, the comparative ef- 
fects of various acidifying agents should be studied as 
to their proficiency. 


Experiments 


Since the Dill curve covers only a small pH range, the 
oxyhemoglobin dissociation was measured over a wider 
range of temperatures, pH and varying Oz tensions so 
that comparisons could be made to wounds. 

In another experiment, freshly drawn serum was placed 
in a petri dish and exposed to the atmosphere. Serum pH 
was measured periodically to acertain whether loss of 
CO, would cause a shift in hydrogen concentration. 

The pH of 137 surface wounds in 46 patients were 
measured at random using narrow range pH papers 
(ranges 4-6 6-8 8-10) or a glass electrode. The state of 
healing of the wound was scored on initial observation. 
Twenty-seven split thickness skin grafts were tested for 
pH of wound on initial removal of the dressing. The pH 
of non-healing areas was correlated to that of healing 
portions. Wound dressings of these patients were assayed 
for ammonia by boiling dressings in NaOH and utilizing 
a simplified test paper to determine the presence of lib- 
erated ammonia. 

An experiment was set up to perfuse the wound with 
saline solution at varying pH ranges in a closed system. 
Acidification was accomplished with lactic acid and 
alkalinization with sodium bicarbonate. Air was excluded 
from the system, and the wound was isolated with a 
heavy plastic membrane (1/16 vinyl) so that diffusion 
of atmospheric oxygen and loss of CO. would not intro- 
duce error. The perfusion fluid was measured for pH, 
temperature and pO». The latter was accomplished po- 
tentiometrically using a Clarke electrode. A schematic of 
the apparatus is shown (Fig. 2). A patient’s wound be- 
ing studied in this manner is shown (Fig. 3). A closed 
system was chosen to preclude the loss of carbon di- 
oxide which might alter wound pH. 

Various solutions and gels were tested on wounds to 
determine how long a single application would maintain 
an acid pH. A 7% aqueous mixture of Carbopol 934 makes 
a firm jelly. Carbopol is a polycarboxylated vinyl poly- 
mer with a high base binding capacity. An aqueous so- 
lution was prepared of polycarboxylic acid which has a 
molecular weight in the range of 250,000. Polyacrylic 
acid is synthesized by polymerization of acrylic acid. 
It also has a high base binding capacity since every 
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pH adjustment and 
| Gir evacuation 


Temperature 


pH 


Fic. 2. A wound is sealed from the air by a plastic sheet. An 
electrolyte solution of varying hydrogen ion concentrations is 
pumped over the wound. Changes in pH and PO. of the irrigant 
are measured. 


third carbon is a carboxyl group. A 20% solution of this 
material makes a clear, viscid liquid which 5 well tol- 
erated by tissues. A few patients have comphined of a 
mild, stinging sensation. Titration curves were made to 
compare the base binding capacity for ammonia of 7% 
carbopol, 20% polyacrylic acid and 1% acetic acid. 

The large intestine of a dog was devascularized ac- 
cording to a scheme devised by Cohn.? A C arke elec- 
trode was placed under the submucosa (Fig. 4). The 
bowel content was then acidified by continuous irriga- 
tion with 0.5% acetic acid and changes in pO. were 
measured. 

To study the toxicity of ammonia on tissues, nice were 
injected with varying concentrations of ammonia in a 
normal bicarbonate solution. The following eoncentra- 
tions were used giving .lcc of each concentretion. 0.6% 
NH,OH, 0.06% NH,OH, 0.006% NH,OH. Since ammounia 
is a hemolytic agent, varying concentrations of NH,OH 
were tested in vitro against human erythrocytes at vary- 
ing hydrogen concentrations from pH8 to pH6.5. The fol- 
lowing concentrations of NH,OH were used: omgé, 








Fic. 3. An experiment in progress. Electrolytis solution is being 
pumped under a plastic seal on a patient’s wound. The perfusate 
is being tested for temperature, pO», and pH. 


10mg%, 15mg%, 25mg%, 50meg%, 100mg%, 500mg%. Hemoly- 
sis was recorded after incubation for 1 hour at 37°C. 
Experiments were done on a wild strain of Proteus 
morganii to determine whether urease contributed sig- 
nificantly to the tissue reaction which results from the 
injection of live bacteria subcutaneously. The bacteria 
were grown in a standard broth culture and were sep- 
arated from the culture medium by centrifugation. After 
washing, a saline suspension of bacteria was prepared 
so that each cubic centimeter contained 1.2 billion bac- 
teria. The bacteria were injected into the subcutaneous 
tissues of the back of mice in doses varying from 120 to 
240 million bacteria. Four different experiments were 





Fic. 4. A 7 cm. section of bowel is devascularized. A pO: elec- 
trode is carefully placed beneath the submucosa. The effect of 
changing the intraluminal pH can þe correlated to the partial 
pressure of oxygen beneath the submucosa. . 
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%OXYGEN SATURATION 


Fic. 5. At the reduced O: tension of 27 mm. Hg., acidificction 
has the most striking effect. 


done using 10 animals for each experiment. In one ex- 
periment the bacteria were killed by acetone which 
fails to inactivate the urease. In the other experiment the 
bacteria were heat killed which inactivates urease. In the 
last test the animals were injected with the live bacteria. 
In another group of mice, live bacteria were injected nto 
mice which had been immunized against Jack Fean 
urease. The sera of animals that have been immun=zed 
with Jack Bean urease inhibits the ability of ureas> to 
convert urea to ammonia both in vivo and in vitro1™1° 
All the mice were sacrificed after 5 days by reflecting the 
skin of the back and examining the injection sites. Tissue 
was taken for microscopic examination. 


ap 
Results 


An expanded effect of pH on oxyhemoglobin and pO: 
at varying temperatures was determined and is charted 
(Figs. 5 and 6). Notice that the effect of pH on the 
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Fic. 6. The variation of the oxyhemoglobin saturation is shown 
for different pH’s and at different temperatures. Notice that the 
effect is greatest at body temperature. The oxygen saturation drops 
from 80% to 40% when the pH drops by one unit. This represents 
almost a threefold increase in the available oxygen. 


LEVEEM AND OTHERS 








Ann. Surg. « ‘3 


TABLE 1. Presence of Ammonia in 121 of 137 Wounds Examines 
(89.9%) 

pH Ranges No 
With Ammonia 
Ammonia pH Present 

7 6-7 2 

3 7.2 1 

5 7.4 1 

22 7.6 2 

5 7.8 0 

79 8-9 10 

121 16 


oxyhemoglobin dissociation curve was not as pronounced 
at 40.5 mm pO, as at 27 mm pO». Nevertheless, the oxy- 
gen release was more than trebled by one pH unit. At 
27 mm Hg and 38°C only 20% of hemoglobin was in the 
reduced form at pH 7.8. Considering that complete sat- 
uration is 95%, only 15% would have been released at a 
pO: of 27mm, At 6.9, 80% of the hemoglobin was in the 
reduced form or 75% of the hemoglobin had released its 
oxygen. This is a five-fold increase obtained by a shift 
of only 0.9pH unit! 

The failure of surface wounds to heal was almost in- 
variable correlated with alkaline pH. Wounds which are 
exposed to air rapidly lose CO, and a local respiratory 
alkalosis is established. (The pH deviates toward a so- 
dium bicarbonate solution.) Serum exposed to air grad- 
ually approached pH8. One hundred and twenty-one of 
137 wounds (89.9%) contained significant quantities of 
ammonia on the dressings (Table 1). Only 19 wounds 
had a pH of 7.4 or below, while 118 wounds had a pH 


/ 


Fic. 7. Narrow range pH (6-8) paper is being used to determine 
the pH of a patient’s wound. Notice the extreme alkalinity. The 
pH is slightly greater than 8. The dressings contained consider- 
able ammonia. The healthy appearance of the granulation indi- 
cates a poor reduction of oxyhemoglobin. è 
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COMPARISON OF pH CHANGES IN INFECTED WOUNDS 


Fic. 8. Open wounds 
were acidified with a 
single application of an 
acid and the duration of 
acidity observed. Aser- 
bine is a malic acid de- 
rivative used in England. 
Notice the prolonged 
acidification extending 
over four hours with the 
high molecular weight | 
acids which have a high L 
base binding capacity. 


pH 
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of 7.6 or greater. Of 27 skin grafts observed as to heal- 
ing, the graft failed to take at pH levels created by ac- 
tive ammonia production, Narrow range pH test paper 
is satisfactory for the chemical determination of the status 
of the wound hydrogen ion concentration (Fig. 7). 
Chemical acidification of the wound always raised the 
oxygen tension of the solution irrigating the wound. Alka- 
linization lowered it. The rise in oxygen tension was some- 
what below the theoretical prediction indicating that the 
healing tissue does extract a portion of the newly lib- 
erated oxygen. Acidification of 9 occluded surface wounds 
with 20% polyacrylic acid raised the average value of pOs 
from 32 to 61 as measured by direct oximetry. 
Following ligation of the mesenteric vessels in the rab- 
bit, the tissue pO» fell from 70 to 20. Instillation of 
NaHCO, solution into the bowel lowered this further to 
13mm Hg. Acidification of luminal content with acetic 
acid promptly raised the submucosal pO, to 25mm. 
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Fic. 9. The ammonia binding 
capacity of acetic acid, carbo- 
pol and polyacrylic acid is 
compared in the concentratives 


used clinically. it 
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If chemical acidification of the wound is to have bene- 
ficial effects on wound healing, acidity must be con- 
stantly maintained. Moist dressings consisting of 1% acetic 
acid remain acid for only one hour, at which time the 
pH rises to neutrality or above. Carbopol ointment or 
20% polyacrylic acid lowered the wound pH for pro- 
longed period (Fig. 8). The ammonia binding power 
of acetic acid, carbopol and polyacrylic acid are com- 
pared (Fig. 9). The superior ammonia binding capacity 
of polycarboxylated polymers, and their ability to main- 
tain wound acidity without absorption make them the 
acidfying agents of choice. 

The mice injected with ammonium hydroxide subcu- 
taneously develop skin necrosis over the area of the in- 
jection site (Fig. 10). Upon reflection of the skin it can 
be seen that there is necrosis of deeper tissues. Doses as 
low as 30 mg% will produce skin necrosis. The injection 
of 120 million Proteus morganii organisms into the sub- 
cutaneous tissue of the back produced a slough not un- 
like that seen with ammonia (Fig. 11). To determine 
the role played by bacterial urease and ammonia forma- 
tion in the development of the slough, the bacteria were 
killed by heat which destroys urease. Acetone kills the 
bacteria but does not inactivate the urease. The injection 
of heat-killed bacteria was well tolerated while the in- 

jection of acetone killed bacteria produced a slough. 
These experiments suggest that ammonia formed from 
urea by the action of bacterial urease contributes sig- 
nificantly to the necrotizing properties. Further confir- 
mation was offered by the failure of lesions to develop in 
animals immunized to Jack Bean urease. The sera of 
these animals inhibited ammonia formation by urease 
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Fic. 10. The extensive necrosis of tissue at the site of the dilute 
ammonia solution is visible. Reflection of the skin delineates the 
extent of the lesion. 


in vitro. Injection of the bacteria in these animals did 
not evoke necrosis of tissue (Fig. 12). 

The role that pH plays in the histotoxicity of am- 
monia was tested by the role which pH plays in hemol- 
ysis produced by varying concentrations of ammonia. 
Even concentrations of ammonia which are lower than 
those encountered clinically can hemolize red cells in 
alkaline solutions (Fig. 13). In contrast, high concentra- 
tions of ammonia do not destroy errythrocytes in an acid 
medium. The pH of the solution was the critical factor 
in determining ammonia toxicity and was more sign fi- 
cant than the concentration of ammonia itself. 


Discussion 


An alkaline tissue environment impedes wound heal- 
ing. Surface wounds tend to become alkaline by loss of 
carbon dioxide unless the wound is sealed off from the 
atmosphere. When rats were placed in an environment 
of 40% oxygen, epithelialization was accelerated. Poly- 
ethylene film applied to the wounds also enhanced epi- 
theliazation. In the latter instance, the beneficial effects 
were ascribed to prevention of dehydration, but pely- 
ethylene film also prevents the loss of CO. from the 
wound surface, thus preventing the usual respiratory 
alkalosis of the surface wound. The acid pH which de- 
velops in deep wounds may have a beneficial effect with 
respect to oxygen transport. 

A polycarboxylated vinyl polymer (carbopol 954) 
proved excellent for chemical acidification of the wound. 
Since it is a large molecule, gels formed by addition of 
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Fic. 11. Necrosis is visible at the site of the subcutaneous inocu- 
lum of the proteus morganii. The reflected skin shows the extent 
of the lesion. 
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Fic. 12. Injection of proteus bacteria into animals which have 
been immunized to Jack Bean urease fail to show significant le- 
sions proving that ammonia formation must contribute signifi- 
cantly to the slough which occurs in non ammunized animals. 
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water are not hypertonic. Polyacrylic acid with a molecu- 
lar weight of 250,000 is also ideal for topical acidification. 
These substances have high base binding capacity per 
unit weight (Fig. 9) and maintain wound acidity for 
prolonged periods (Fig. 8). Even after they are fully 
neutralized, they act like ion exchange resins and bind 
ammonia by exchanging a Na’ for an NH4*. Most im- 
portant is that small molecules such as acetic acid are 
rapidly absorbed into the circulation. Absorption has 
even caused acidosis during sulfamylon therapy of 
burns,* and sulfamylon is a large molecule when com- 
pared to acetic and lactic acids. Chemicals used for 
wound acidification must have high molecular weights 
and high base binding capacity. They must not be de- 
graded by bacteria or tissue enzymes on the wound sur- 
face. Both carbopol and polyacrylic acid fulfill these 
fundamental requirements. 

Wound acidification in addition to being an adjuvent 
to healing, controls pseudomonas aerogerosa infections 
which prolong healing and are often resistant to therapy. 
Even acidification with acetic acid promptly eliminates 
pseudomonas aerogenosa from most surface wounds.1® 

Cold influences the oxyhemoglobin dissociation curve 
in a manner identical to alkalinization.* Low tempera- 
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Fic. 13. The hemolysis of red blood cells by ammonia is demon- 
strated. Notice that even high concentrations of ammonia are 


nontoxic for erythrocytes at an acid pH. 
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tures push the dissociation curve to the left (Fig. 14). 
Gimbel® found that lowering the skin temperature. im- 
peded the epithelization of the donor site of a split 
thickness skin graft. Epithelization was accelerated by 
heat up to 41°C at which point there was an. abrupt 
transition to tissue destruction. The temperature end 
point is quite sharp. At cold temperatures of 5°-10°C 
the skin takes on a bright red color similar to that pro- 
duced at 45°C at which temperature vasodilitation oc- 
curs. Since the skin vessels are contracted by cold, cyano- 
sis might be expected; but, at temperatures under 10°C 
oxyhemoglobin undergoes little dissociation even at low 
oxygen tensions.!! The healthy cherry red appearance 
of very cold skin, does not indicate that the tissue is well 
oxygenated, but, rather, that the oxyhemoglobin has not 
been desaturated of oxygen by passage through tissue. 
Similarly, the alkaline wound may exhibit healthy cherry 
red granulations primarily because oxyhemoglobin can- 
not liberate its oxygen in an alkaline medium. 

Ammonia is a highly toxic substance.*! Its presence 
in the blood in micro quantities has been observed to 
produce convulsions and death in cirrhotics. A slight 
shift toward alkalinity greatly enhances the histotoxicity 
of ammonia. Ammonia penetrates cells and is toxic only 
in the form of NH,. The ratio of NH; to NH,’ is de- 
pendent upon the hydrogen ion concentration (Fig. 15). 
Notice that the pK (pH at which half of the ammonia is 
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Fic. 14. Compare the effect of pH in Fig. 1. to reduce tempera- 


tures. Low temperatures shift the curve to the left in a manner 
similar to that seen with a high pH. 
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CELLULAR CONCENTRATION 
OF AMMONIA 





Fic. 15. The cell is freely per- 
meable to NH; but not to NE«’. 
Therefore intracellular pere- 
tration of the cell membrare is 
determined by the acidity. No- 
tice that at acid values, al of 
the ammonia is in the forn of 
NH:*. The increase in NE, is 
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in the form of NH; ) is 9.1. As the acidity increases, ess 
and less is in the form of NH;. Th cell membrane is per- 
meable only to NH; and not NH,’. Some of the ammc ma 
which diffuses into the erythrocyte as NH; is trapped 
within the cell by the formation of ammonium ion. Thus, 
the ratio of intracellular ammonia tends to rise above 
that found in extracellular fluid. The surface wound has 
a pH of 8 which is on the steep portion of the ammaiia 
dissociation curve where small changes in pH produce 
great alteration in the concentration of NH:;. In contrast, 
the normal body pH is 7.3 which is at the foot of the 
NH; NH,’ dissociation curve. These facts offer a ready 
explanation for the histotoxicity of ammonia on surface 
wounds. 

The ubiquitous presence of urease-producing organ- 
isms accounts for the high incidence of ammonia on fur- 
face wounds. Although most physicians associate urea 
splitting with the genus proteus, many bacteria prod ace 
urease. The ammonia found on surface wounds anc in 
intestinal wounds is the result of urease acting on urea 
derived from the blood urea nitrogen. Urea is so dif us- 
able that it is present in extracellular fluid in the same 
concentration in all lean body tissue. If all the urez in 
extracellular fluid were split to ammonia, clinically sig- 
nificant quantities of ammonia would be found in the 
wound (about 25mg%). Conversion of urea to ammonia 
in the wound brings about further diffusion of urea ni-ro- 
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gen from the blood into the wound thus perpetuating the 
presence of ammonia. 

This situation in the wound is similar to what Walser?* 
has described for the colon. Water turnover in the human 
colon is appreciable.1’ Urea diffuses into the colon with 
water. Therefore, there is a large urea turnover in the 
colon. This urea is immediately converted into am- 
monia. The conversion is so rapid that urea is not a 
constituent of fresh feces.” The newly-formed urea is 
absorbed into the portal circulation where it is recon- 
verted to urea by the liver. One fifth of total body urea 
is so transformed into ammonia each day.?”? This forma- 
tion of ammonia in the colon is of such a magnitude that 
it must adversely influence the healing of colonic anasto- 
moses. Evidence for this will be presented in subsequent 
publications. Visek immunized animals with Jack Bean 
urease. Immunized animals survived lethal facitial colitis 
produced by X-radiation. Control animals died and were 
unable to maintain the integrity of the colonic mucosa 
while surviving immunized animals healed their colonic 
lesions.*? The growth-promoting effects of antibiotics in 
domestic farm animals may possibly be explained by 
their ability to suppress urease-producing organisms.** 
Acidification of colonic contents not only raises the mu- 
cosal pO but beneficially influences the healing of 
colonic anastomoses, by reducing the histotoxic effects 
of the ever present colonic ammonia. Some of the bene- 
ficial effects ascribed to continuous irrigation with Kana- 
mycin? may be due in part to the acidity of the solution, 
dilution of bacterial urease, and bactericidal action on 
urease splitting organisms. What happens on surface 
wounds with respect to ammonia formation is accentu- 
ated in the colon wounds and in fecal peritonitis. The 
importance of urease-producing organisms in fecal 
peritonitis and intestinal wound healing will be covered 
in a separate publication. 


Summary 


Surface wounds developed a respiratory alkalosis due 
to escape of CO, from the wound surface into the air. 
Therefore, the pH of surface wounds is in the region of 
pH 8. This alkalinity produced an inappropriate shift of 
the oxyhemoglobin-hemoglobin dissociation curve and re- 
duced the available oxygen supply to the tissues. In con- 
trast to alkalinization of the wound, acidification was 
found to increase the pO, of surface wounds by virtue of 
an appropriate shift in the oxyhemoglobin-hemoglobin 
dissociation curve (Bohr effect ). 

In addition, significant quantities of ammonia were 
found present on most surface wounds further contribut- 
ing to the alkalinity of the wound. The concentrations of 
ammonia found in surface wounds was histotoxic. This 
histotoxicity is pH dependent. Ammonia is nontoxic in 
an acid medium. i 


A number of chemicals suitable for clinical acidifica- 
tion of wounds were investigated. Prerequisites are a 
large molecular size to prevent absorption and high base 
binding capacity. Acetic acid solutions do not maintain 
acidity for periods longer than one hour. Polyacrylic acid 
and polycarboxylated vinyl resins proved most proficient 
for prolonged chemical acidification of clinical wounds. 

The histotoxicity of ammonia provokes the slough 
found in infections caused by some potent urease pro- 
ducing organisms. This slough could be prevented by im- 
munization to Jack Bean urease. Chemical acidification 
of wounds is most effective in minimizing the toxicity of 
the ammonia formed by urease producing organisms. 
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Pathologic Changes in Baboon Lung Allografts 


Comparison of Two!mmunosuppression Regimes 


JAMES M. BYERS, Ill, M.D., P. SABANAYAGAM, M.B.B.S., (CEY.) F.R.C.S.(C), 
R. ROBINSON BAKER, M.D., GROVER M. HUTCHINS, M.D. 


HE. BABOON PROVIDES A PRIMATE MODEL for experi- 

mental investigations of pulmonary allografts, -o 
serve as a background for lung transplantation in hu- 
mans.’° In the present study the pathologic changes -n 
two groups of baboons given different immunosuppres- 
sive regimens were investigated. 


Materials and Methods 


Male Kenya baboons (Papio anubis), weighing b2- 
tween 25 and 35 kg., were paired by A,B,O simian blocd 
group compatability. Exchange transplantation of the left 
lungs was performed under general anesthesia with fluv- 
thane and nitrous oxide and oxygen, supplemented with 
phencyclidine and diazepam. The left main bronchi vf 
donor and recipient were telescoped to create an anasto- 
mosis, the left pulmonary arteries were anastomosed end- 
to-end, and portions of the left atria containing the left 
pulmonary veins were anastomosed to the atrial cuff of 
the recipient. In some animals an Ameroid constrictor 
was placed around the right main pulmonary artery. 

In Group I, chilled Ringers lactate containing 5,000 
units of heparin per 500 ml was perfused through the 
left pulmonary artery until the venous return was blood- 
less, beginning immediately after separation of the lung 
which was ventilated with room air. Each animal was 
given 2.5 mg/kg azathioprine? intramuscularly and 1 
mg/kg methyl prednisolonet intramuscularly each dey 
beginning the day of operation. When graft rejection was 
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suspected 1 gram of methyl prednisolone was given intra- 
venously followed by a 500 mg dose the next day, 100 mg 
the following day and then returning to the standard dose. 

In Group II, 3 mg/kg of heparin was injected into the 
left pulmonary artery just prior to separation. Each ani- 
mal received 4 mg/kg azathioprine intramuscularly daily 
and 30 mg/kg of methyl prednisolone intravenously 
every other day. The first dose of methyl prednisolone 
was given at the time of induction of anesthesia. 

All animals in both groups received 1.2 million units 
penicillin and 1 gm streptomycin intramuscularly each 
day. Baboons were allowed to survive as long as possible. 

At autopsy, in most animals, the heart-lung block was 
kept intact. The main pulmonary artery was cannulated 
with a 6 mm diameter tube and about 100 ml of a bar- 
ium-gelatin-pigment injection mass with added formalin? 
was injected at 40 to 60 mm Hg pressure. Upon comple- 
tion of the injection the lungs were inflated at 10 to 20 
cm H:O pressure through the tracheo-bronchial tree with 
10% formalin while floating in the same solution. After 
several days fixation, stereoscopic radiographs of the 
heart-lung block were prepared. The heart and lungs 
were then dissected and material taken for histologic 
examination using hematoxylin and eosin, Verhoeff-van 
Gieson elastic and Masson connective tissue stains. In 
most animals at least one block from each lobe of both 
lungs and from each anastomotic site was examined. 
Parasitic infestation and graft rejection in the lungs were 
evaluated on a scale of 0 to 4+. 
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TABLE 1. Baboons on Low Dose Immunosuppression Regimen 

Animal Survival Degree of Degree.of Other Findings Other Findings 

Number Days Ameroid Parasites Rejection Right Lung Transplanted Lung 

L72 0 0 3+ 0 None None 

M17 0 0 2-+ 0 None None ' 

L39 2 + 2+ 0 Not examined Large thrombus at arterial anastamosis. 
Infarcts. 

M18 2 0 2+ 0 Extensive focal hemorrhage. Extensive focal hemorrhage 

L73 4 0 2+ 0 None Focal hemorrhage. LUL bronchopneu- 

monia with abscesses. 

M38 4 + 2+ 0 Focal hemorrhages Thrombosis of arterial anastamosis. 
Infarcts and hemorrhage. 

L160 5 0 2+ 0 Extensive hemorrhage Extensive hemorrhage 

M39 5 + Not examined. Not examined. 

L163 7 + 3+ 2+ None Early pneumonia. 

M16 10 0 2+ ? Early RUL pneumonia LUL hemorrhage; LLL pneumonia. 

L164 11 -+ 2+ 34+ None None 

M19 12 0 3+ 3+ Early bronchopneumonia Severe necrotizing bronchitis and bron- 
chopneumonia. 

L38 17 + 2+ 34+ None Severe necrosis LUL. Thrombosis of 
arterial anastamosis. 

L159 20 0 1-2+ 4+ None None 

Results with emphysematous foci, which appear to be induced 


The survival time, overall grade of graft rejection, de- 


gree of Pneumonyssus infestation, presence of Ameroid. 


constrictor on the right main pulmonary artery, and brief 
description of significant pathologic findings for each 
lung from each animal in the two treatment groups are 
given in Tables 1 and 2. Baboons in treatment Group I 
survived up to 20 days post-transplant; and those in 
Group H survived from 2-31 days. 


Pneumonyssus Infestation 


All animals showed evidence of parasitization with 
lung mites. The parasites found were Pneumonyssus spe- 
cies and lay within bronchi (Fig. 1) or more commonly 


by the parasite (Fig. 2). The fecal deposits of the para- 
site occurred throughout the lungs and consisted of re- 
fractile granular material mostly within macrophages. 
The feces was associated with focal parenchymal scarring 
(Fig. 3) and also occurred around bronchi and blood 
vessels and in mediastinal lymph nodes. Particularly 
heavy deposits were encountered on the margins of the 
emphysema induced by the parasite. Bronchial wall in- 
filtration with chronic inflammatory cells, plasma cells 
and eosinophils and prominence of the basement mem- 
brane and smooth muscle was found uniformly (Fig. 4). 
In no baboon did the degree of pathologic change in the 
lungs attributed to parasites seem sufficient to cause func- 


TABLE 2. Baboons on High Dose Immunosuppression Regimen 


Other Findings 
Transplanted Lung 


Animal Survival Degree of Degree of Other Findings 

Number Days Ameroid Parasites Rejection Right Lung 

M82 2 + Not examined 

M56 6 + 2+ 0 Congestion. Occlusion of main 
pulmonary artery at 
Ameroid. 

M55 7 + 2+ 0 None 

M106 7 0 2+ 0 None 

M107 8 0 3+ 0 Extensive bronchopneumonia 

M96 8 -+ 2+ ? Edema 

M57 17 + 2+ + None 

M83 21 + 2+ 2 -t Extensive focal hemorrhage. 

- M95 29 + 3+ - Bronchopneumonia 

RLL abscess 

M100 29 0 2+ ? Bronchopneumonia. 

M101 30 0 2+ ? Confluent bronchopneumonia. 

M54 31 + 2+ 14+ Necrotizing broncho- 


pneumonia 


Not examined 
Bronchitis and early bronchopneumonia. 


Disruption of bronchial anastamosis. 
Pneumothorax. Bronchopneumonia. 
Thrombosis of arterial anastamosis. Mas- 

sive infarct. 
Thrombosis of arterial anastamosis. Mas- 
sive infarct. 
Edema. Early bronchopneumonia. 
Large hemopericardium 
Extensive focal hemorrhage. 
Bronchopneumonia. Empyema. 


Severe necrotizing pneumonia. 
Severe necrotizing pneumonia. 
Focal hemorrhages 
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Fic. 1. Pneumonyssus parasite lying within a small bronelms 
which has intense mural inflammation, loss of epithelium, and m- 
traluminal inflammatory exudate (Animal L72, H&E, 125x). 


tional impairment. The emphysematous foci did appear 
rticularly susceptible to superinfection, however. 
} j 


Ameroid Constrictor 


Twelve animals had had Ameroid constrictors placed 
about the right main pulmonary artery at the time of 
transplantation. In most instances the vessel lumen was 
reduced to about 6 mm in diameter. With the exception 
of animal M56 where complete occlusion of the right 
main pulmonary artery by thrombosis had occurred at 
the constriction, no morphologic changes in the right 
lung could be attributed to the Ameroid. 


Operative Complications 

Two animals (L72 and M17) died at the time of ap- 
eration. In one animal (M55) death occurred on the 
seventh post-operative day from pneumothorax follow- 
ing rupture of the bronchial anastomosis. Animal M57 
was found at autopsy to have a hemopericardium which 
appeared to originate from the left atrial suture line. 

Intimal thrombi were common at the line of anastomo- 
sis in both the pulmonary artery (Fig. 5) and atrium. In 
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Fic. 2. Emphysematous focus with Pneumonyssus parasite (ar- 
row). The scar tissue around the cavities contains abundant fecal 
matter, mostly in macrophages (M18, H&E, 30x). 


4 animals the arterial thrombus produced almost com- 
plete occlusion of the lumen and infarction of the left 


lung (Fig. 6). 


Infection 


Morphologic evidence of pulmonary infection was 
found in 12 animals, ranging from early bronchopneu- 
monia to severe necrotizing pneumonia with abscess for- 
mation and empyema (Tables 1 and 2). Animals in 
Group II, treated with higher doses of steroids and 
azathioprine showed a marked reduction of the inflamma- 
tory cell response. (Fig. 7). Infections spread diffusely 
and produced extensive parenchymal necrosis. In several 
animals severe pneumonia produced vascular thromboses 
and a marked reduction in vascular filling (Fig. 8). 


Graft Rejection 


In Group I, evidence of graft rejection was found in 5 
animals, beginning at 7 days after operation. Morphologic 
changes in the transplanted lungs that were attributed to 
graft rejection consisted of perivascular and peribronchial 
inflammatory infiltrates and focal intra-alveolar accumu- 
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lations of proteinaceous exudate and inflammatory cells 
(Figs. 9 and 10). The cells of this inflammatory reaction 
consisted predominately of mononuclear cells, macro- 
phages, lymphocytes and plasma cells. Numerous poly- 
morphonuclear leucocytes and occasional eosinophils 
were also found. The histologic features of the inflamma- 
tory response of the graft rejection was entirely non- 
specific, except that it occurred in the transplanted left 
lung and not in the right lung. In one animal graft re- 
jection could not be evaluated because of pneumonia. 

In Group II 4 animals showed evidence of graft re- 
jection, beginning at 17 days. Qualitatively the inflam- 
matory response was the same as that found in Group I 
(Figs. 11 and 12). The higher doses of immunosuppres- 
sive agents produced a marked quantitative reduction in 
the cellular reaction. However, the proteinaceous exudate 
was still present. In 3 animals, M96, M100 and M101, 
graft rejection may have been present but could not be 
separated from the pneumonia present throughout the 
transplanted lung. 

In no animal was there evidence of injury to the bron- 
chial epithelium that could be ascribed to rejection. Only 





Fic. 3. Small scar caused by Pneumonyssus feces with pleural re- 
traction and adjacent slight emphysematous change (L72, H&E, 
90x). 
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one animal, L159, showed evidence of intimal inflam- 
mation and that was of a trivial nature (Fig. 10). 


Discussion å 


The study shows that the inflammatory reaction of 
graft rejection in baboon lung allografts can be reduced 
with immunosuppressive agents. However, the overall 
depression of the inflammatory response exacts a high 
mortality through pulmonary infections. In no animal 
were the morphologic changes attributable to the immune 
response felt to be sufficiently severe to cause significant 
functional abnormality. 

The morphologic changes attributed to graft rejection 
are histologically nonspecific.* The early features of graft 
rejection in the left lung and of bronchopneumonia in 
both lungs of the animals studied consists of an alveolitis 
with margination and exudation of leukocytes into the 
alveolar wall and the alveolar space. Proteinaceous exu- 
dation accompanies the cells. The alveolar lining cells 
become enlarged concommitant with the accumulation 
of intra-alveolar exudates. In later phases mononuclear 
cells are observed in increased numbers and perivascular 


Fic. 4. Wall of segmental bronchus with extensive chronic in- 
flammatory infiltration, including eosinophils, and prominent epi- 
thelial basement membrane and smooth muscle. These asthma- 
like changes apparently relate to Pneumonyssus infestation ( M17, 


H&E, 300x). 
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Fic. 5. Peri-anastamotic inflammation in media and intima of left 
main pulmonary artery (left) and overlying thrombus (right) 


which occluded the lumen (L38, H&E, 125x). 


Fic. 6. Radiography of heart and lungs of M38. The left pulmo- 
nary arterial tree does not fill, due to thrombosis at the anastamo- 
sis. Note ring of ameroid constrictor on the right pulmonary artery. 
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Fic. 7. Severe necrotizing pneumonia in the right upper lobe with 
intra-alveolar proteinaceous exudate, focal hemorrhages, alveolar 
wall necrosis and massive bacterial overgrowth associated with 
high doses of immunosuppressive therapy (M54, H&E, 140x). 





Fic. 8. Radiograph of heart and lungs of M101. The left pulmonary 
arterial tree fills poorly due to vasculitis and thrombosis associated 


with necrotizing pneumonia. 
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Fic. 9. Graft rejection with perivascular (upper left) and intra- 
alveolar (center) inflammation at 11 days post-transplant with 
low dose immunosuppression (L164, H&E, 140x). 
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Fic. 10. Graft rejection at 20 days with low dose therapy. Note 
trivial intimal inflammation (upper left), severe perivascular in- 
filtrate and organization of proteinaceous alveolar exudate (L159, 
H&E, 140x). 
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Fic. 11. Marked reduction of graft rejection with high dose im- 
munosuppression at 17 days post-transplant (M57, H&E, 140x). 
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Fic. 12. Trivial perivascular (upper left) and intra-alveolar in- 
flammation attributable to graft rejection at 31 days with high 
dose therapy (M54, H&E, 140x). 
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accumulations of inflammatory cells become prominent. 
The. exudate within the alveoli may resolve by macro- 
phage digestion or may become organized by fibro- 
blastic ingrowth. 

With .the higher dose immunosupression regimen the 
cellular component of the inflammatory response disap- 
pears from both the alveolar and perivascular locations. 
The exudation of proteinaceous material into the alveoli 
seems unaffected, however. Apparently this selective sup- 
pression of the cellular component of the inflammatory 
reaction is what has been interpreted as indicating sep- 
arate “vascular” and “alveolar” phases of graft rejection.‘ 

Of particular interest is the absence of significant inti- 
mal inflammation or thrombosis related to graft rejec- 
tion. The morphologic changes observed in blood ves- 
sels of heart,* kidney® and canine lung! allografts were 
not seen in this study. Except in one animal, vasculitis 
and thrombosis were associated either with local surgi- 
cal injury or with necrotizing pneumonia. Since the 
bronchial circulation of the transplanted lung is not in- 
tact occlusion of pulmonary artery branches regularly 
produces infarction. 

All lungs examined in the present study showed evi- 
dence of parasitization with the lung mite Pneumonys- 
sus.*> Fecal deposits with foci of chronic inflammation, 
scarring and emphysema are common. The asthma-like 
bronchial wall changes apparently induced by the para- 
site are a possible source of confusion with the altera- 
tions of graft rejection. 

The observations suggest that control of the compli- 
cations of surgery and of immunosuppressive therapy 
could produce long term survival of baboon lung allo- 
grafts. The vasculitis of graft rejection seemed well con- 
trolled with the treatment used. 


Summary 


Thirteen pairs of baboons underwent left lung allo- 
grafts and treatment on either a low or a high dose 
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regimen of azathioprine and methyl prednisolone. Ani- 
mals survived up to 31 days. Pathologic studies showed 
that graft rejection, including vasculitis, could be ef- 
fectively controlled. There was a high incidence of se- 
vere necrotizing pulmonary infections with the larger 
doses of immunosuppressive agents. Thrombosis at the 
arterial anastomosis leading to pulmonary infarction oc- 
curred in animals in both groups. Inflammatory reactions 
due to lung parasites must be distinguished from graft 
rejection in baboons. The overall results suggest that long 
term success with lung transplantation is possible with 
control of the complications of treatment. 
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Necropsy 


Compelling Splenectomy in Medically Compromised Patients 


JAMES J. BERGIN, M.D., COLONEL, MC, THOMAS F. ZUCK, M.D., 
LT Coronet MC, ROBERT E. MULLER; M.D., COLONEL, MC (RET.) 


HE VALUE OF SPLENECTOMY in hematologic disorders 
has been .established.?.5\7.2.23 Benefit has been re- 
sedis in hypoplasia, 18 acute idiopathic thrombocyto- 
penia,® chronic idiopathic thrombocytopenia,** myeloid 
metaplasia,” 11.15.17 Felty’s syndrome,*!® lymphoma, 
18,2024 and leukemia.®??.25.26 The indications for splenec- 
tomy are not the subject of this clinical stucy. Rather, 
the practicality of the procedure is assessed in an unusual 
cliniċal setting in which splenectomy was deemed neces- 
sary for survival in the medically compromised patient. 
This approach is exemplified by Crosby; et al, > with the 
application of splenectomy to the elderly patiert. | 
Between September, 1965 and March, 1971, splenec- 
tomy was performed in 15 patients characterized by (a) 
a hematologic malignancy or an autoimmuna disorder 
and (b) life-threatening cytopenia: The majority had 
been treated with prednisone and immunosuppressive 
agents. These circumstances define the patien: grouping 
and lead us to consider them as medically compromised. 
They are poor risks on the basis of underlying disease, 
serious thrombocytopenia or hemolytic anemic, and pre- 
vious immunosuppressive therapy. Thus, the hazards of 
major surgery, such as infection, hemorrhage, and death 
must be carefully weighed against the potential gain of 
useful life, 
_ The hematologic malignancies included 5 patients with 
Hodgkin’s disease, all of whom were Stage 4-A or B. 
There were 3 with chronic granulocytic leukemia with 
one having entered-an accelerated phase of the disease. 
Two. patients suffered from smoldering granubcytic leu- 
kemia (pre-leukemia) and both eventually | manifested 
acute granulocytic leukemia. Of the autoinmune pa- 
tients, 3 suffered systemic lupus erythematosvs and one 
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autoimmune hemolytic anemia. There was one patient 
with idiopathic aplastic anemia who could be considered 
to fall into either category, depending upon etiologic 
bias. 

In regard to the life-threatening cytopenia, 14 of the 
15 had severe thrombotytopenia. All 14 patients: had 
skin, mucous membrane, or gastrointestinal bleeding. 
Thirteen patients required preoperative platelet support 
or intensive prednisone therapy. One patient did not have 
thrombocytopenia but severe autoimmune hemolytic 
anemia which had relapsed after prednisone. Nine pa- 
tients had received prednisone or a similar drug, and 7, 
some of whom also had steroids, had taken other im- 
munosuppressive therapy. Three patients with Hodgkin's 
disease had been given radiotherapy. The ages ranged 
from 19 to 67, with a mean age of 35 years 


Case Reports 


Case No. 1, J. C. This 42-year-old female was noted to have 
splenomegaly, white count of 140,000, and bone marrow examina- 
tion consistent with chronic granulocytic leukemia seven years 
before admission. Intermittent busulfan therapy maintained a 
relatively normal white count. She was admitted with a 4-month 
history of generalized bone pain. The spleen was 6 cm below 
the left costal margin, WBC 33,000, with 3% blast forms, platelets 
54,000, and Het 33. After allopurinol 100 mg q.i.d. and 6-mer- 
captopurine 50 mg daily for one week, she became asymptomatic 
with a WBC of 10,000, platelets 2,000, and Het 25. Bone marrow 
aspirate was hypercellular with ą profusion of immature granulo- 
cytes and decreased megakaryocytes. After one week of platelet 
therapy, an antibody unresponsive to 100 mg of daily prednisone 
was encountered, and splenectomy was performed on September 
9, 1967. Hemostasis was assured with 500 ce of platelet-rich 
packed cells, four units of platelet concentrate, and three units of 
platelet-rich plasma. The postoperative course was complicated 
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by a supraventricular tachycardia and hypotension. Bone marrow 
section was hypocellular with predominant early pranue vtic 
cells. The patient was discharged with a Hct of 27, WBC 2,700, 
and platelets 31,000 on 6-mercaptopurine and allopurinol She 
was readinitted three months later severely thrombocytopenic re- 
quiring a total of 182 platelet infusions until her death one month 
later of leukemia and diffuse hemorrhage. 

Comment. This patient entered an accelerated phase of 
chronic granulocytic leukemia after seven years of intermittent 
busulfan. Splenectomy was performed because of an acquired 
platelet antibody which compromised platelet therapy. Initial 
platelet therapy was deemed necessary to determine the potencial 
of a remission of acute leukemic transformation. Major surgery 
can be performed i in this type of patient but it is questionable taat 
this approach is warranted in view of the extremely low rem:ssion 
rate accomplished ia blastic transformation of long-standing 
chronic granulocytic leukemia, 

Case No. 2, E. S. This 26-year-old pregnant female nozed 
a rash on her arms and legs 5.months before admission. Biopsy 
was consistent with discoid lupus erythematosus, She subsequerctly 
developed arthritis with severe thrombocytopenia and bleed:ng 
from the gums, nose, rectum, and into the urine. LE preparetions 
were positive. Bone marrow biopsy revealed ample megakaryocytes 
and mild plasmacytosis. She was placed on 60 mg daily ‘of cal 
prednisone and intermittent platelet therapy. Suboptimal platelet 
survival prompted intensified therapy of 30 mg of dexamethescne 
and 250 mg of 6-mercaptopurine without ‘alteration of transfused 
platelet survival. 

On referral, physical examination showed a gravid female with 
a diffuse maculopapular rash and multiple ecchymoses. The Hct 
was 36, WBC 12,700, and platelets 4,000. Eight units of platelsts 
were ‘administered before spontaneous delivery of a normal mele. 
Following delivery, splenectomy was performed. Her postove-a- 
tive course was complicated by left lower lobe pneumonitis. For 
5 days, 156 units of platelets were transfused: as a.continucus 
infusion to maintain a platelet count of 15,000 to 20,000. By 
the sixth postoperative day, the platelet count had risen to 17£,000 
and steroids were discontinued over three days. On discharge, 
the Hct was 32, WBC 7,900, and platelets 140,000. She kas 
remained well except for arthralgias responding to indomethacin 
with a platelet count of 750,000. 

Comment. This patient, while pregnant, converted from dis- 
coid lupus erythematosus to’ disseminated as manifested by 
arthritis, positive LE preparations, and severe hemorrhagic throm- 
bocytopenia unresponsive to high dosage of corticosteroids aad 
6-mercaptopurine. Platelet therapy, initially successful in stanching 
hemorrhage, was compromised by a platelet antibody. Splenectomy 
was complicated by a left lower lobe pneumonitis and a remark- 
able postoperative requirement for 156 units of platelets. This czse 
illustrates not only the value of splenectomy in thrombocytoreria 
secondary to lupus erythematosus but also the importance of 
preoperative platelet preparation and the necessity of postoperative 
maintenance when recovery is delayed. 

Case No. 3, B. T. A 20-year-old gravid female noted mukliple 
ecchymoses and recurrent nosebleeds one month before admissicn. 
Platelet count was 8,000 and bone marrow examination revealsd 
ample megakaryocytes. A transient rise in platelets to 38,090 
after 100 mg daily of oral prednisone was followed by severe 
thrombocytopenia, necessitating . platelet transfusions for delivery 
of a mature thrombocytopenic male. 

Admission examination showed subsiding ecchymoses and a 
poorly healing episiotomy. Hct was 34, white count 8,000, and 
platelets 20,000. Splenectomy was performed on December £9, 
1969 with platelet infusion support, Platelet survival ‘did not 
improve and 190 units of pets were given as a continous 
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infusion over the next five days. Her platelet count reached 
100,000, platelet infusion was discontinued, and steroids abruptly 
stopped. Nine days postoperatively, the patient was treated ap- 
propriately for an Addiscnian crisis. Because of concomitant 
thrombocytopenia, hemorrhage necessitated further platelet in- 
fusions. She then bled from ulcerations. of the terminal ileum, 
requiring resection of the involved segment. Coagulation studies 
revealed an inhibitor to factors VIII and IX. An ileostomy and 
colocutaneous fistula were constructed due to disruption of the 
anastomotic site. The patient died of E. coli peritonitis and septi- 
cemia 2 months after admission. 

Comment. The patient developed severe hemorrhagic throm- 
bocytopenia minimally responsive to prednisone during the last 
weeks of her pregnancy. Delayed platelet response to surgery 
necessitated intensive platelet infusion. postoperatively to a total 
of 190 units. The abrupt cessation of prednisone after two months 
of therapy was ill-advised. Further, the surgical procedure per- 
formed for ileal ulcerations” with bleeding should not have been 
primary resection. In a patient on high dosage prednisone, ileal 
exteriorization might have prevented the subsequent anastomotic 
disruption. The splenic histology, namely, white pulp reticulum 
cells, severe thrombocytopenia, and coagulation inhibitors of VIII 
and IX strongly suggest the Papon of systemic lupus erythe- 
matosus, 

Case No. 4, A. F. This 23-year-old male noted right cervical 
lymphadenopathy 3 years prior to admission. Biopsy revealed 
Hodgkin’s disease and mantle therapy with extension to periaortic 
nodes was delivered to 3,900 rads. Two years later, he noted 
fatigue and weight loss. Lymphangiography suggested positive 
pelvic nodes and 2,000 rads were delivered to an inverted Y. 
Because of progressive thrombocytopenia to 49,000 and hemolytic 
anemia of Hct 23, chromium red cell half-life of 17 days, and 
splenomegaly, a splenectomy was performed on April 4, 1969, 
The postoperative course was uneventful with a hematologic 
response of platelets to 478,000 and Hct 40. He returned to 
employment and one year later was begun on sequential, and 
then multiple chemotherapy’ because of systerhic symptoms. 
He died of disseminated Hodgkin’s disease 30 months after 
splenectomy. 

Comment. The indication for splenectomy was progressive 
thrombocytopenia and anemia. He réturned to full employment 
after a gratifying hematologic response. In the latter stages of his 
disease, chemotherapy was employed until his death from dis- 
seminated Hodgkin’s disease. 

Case No. 5, D. N. This 21-year-old male was referred tor 
a left pleural effusion and fever of 6 weeks duration. Petechiae 
were present on both lower extremities. The platelet count was 
3,000 and a bone marrow section revealed megakaryocytic hyper- 
plasia. Coagulation data showed an inhibitor to factors VIII and 
IX. Multiple ANA and LE determinations were negative. One 
hundred mg prednisone was begun and eight units. of. platelet 
concentrate given until the platelet count rose to 50,000 and 
bleeding ceased. Repeated attempts to decrease the prednisone 
dosage resulted in thrombocytopenia. Accordingly, the prednisone 
was returned to 60 mg per day until the factor VIII and IX 
inhibitors were controlled and the’ platelet count returned to 
normal. After 5 months of therapy, the spleen was removed 
and the postoperative course was uneventful. After prednisone 
was discontinued, the platelet count was 850,000 and the factor 
VIII and IX inhibitors were no longer present. After 18 months 
without steroids, he remained asymptomatic with a normal platelet 
count, coagulation studies, and LE preparations. 

Comment. The patient presented’ with systemic. symptoms, 
left pleural effusion, inhibitors to factors VIII and IX, and pro- 


gressive hemorrhagic thrombocytopenia, consistent with the diag- . 
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nosis of systemic lupus erythematosus. Massive doses of predni- 
sone controlled the platelet count and bleeding tendency, but 
decrements in dosage were accompanied by a precipitous drop 
in circulating platelets. A sustained rise of platelets to 850,000 
ensued after steroids were discontinued and remained at 600,000 
after 18 months. The patient has remained well ard gainfully 
employed. 

Case No. 6, H. H. This 35-year-cld male was zeferred for 
evaluation of splenomegaly. WBC was 190,000, with € differential 
count and bone marrow section consistent with chromic granulo- 
cytic leukemia. Hct was 35 and platelets 440,000. Basulfan was 
started at 0.1 mg/Kg, accomplishing a WBC of 10,030, platelets 
200,000, and Hct 45. Treatment was discontinuec, but two 
months later WBC was 2,000, Het 23, and platelets 4,C00. Platelet 
transfusions were instituted because of the severe throm>ocytopenia 
and purpura. A striking decrease in transfused platelets in spite 
of steroids prompted consideration of splenectomy. Bene marrow 
section demonstrated severe hypoplasia and moderate fibrosis. 
The postoperative course was complicated by a wounc hematoma 
and abscess culturing Staph. aureus and recurrent >ancreatitis. 
One month later, the patient was discharged without symptoms, 
with a Het of 32, platelets 34,000, and WBC 7,4C0. After 2 
months, his peripheral blood returned to normal values and he 
was placed on maintenance 6-mercaptopurine for control of his 
total white count. For the next 20 months, he was gainfully em- 
ployed prior to death from blastic crisis. 

Comment, Profound thrombocytopenia and generalized skin 
and mucous membrane hemorrhage necessitated plate et support. 
Splenectomy was performed when decreased infused platelet 
survival, unresponsive to corticosteroids, ensued. Tais patient 
should be contrasted with Case No. 1 in wham splenectomy was 
performed during the accelerated phase of chronic granulocytic 
leukemia. This patient recovered a normal platelet level and 
was employed full time for 20 months. 

Case No. 7, M. H. This 50-year-old male presented 8 years 
before admission with fatigue, low grade fever, and splenomegaly. 
Total WBC of 85,000 and bone marrow aspiration were consistent 
with chronic granulocytic leukemia. After busulfan therapy, he 
became asymptomatic with normal physical examimation and 
peripheral blood. For 2 years before admission, he received 2 mg 
busulfan maintenance weekly. He was admitted for evaluaion 
of thrombocytopenia, Physical examination was ncrmal with 
WBC of 8,000, Hct 40, and platelets 8,000. Bone marsow section 
revealed granulocytic hyperplasia, decrease in megakaryocytes, 
normal erythrocytes, and no myelofibrosis. A Philadetphia chro- 
mosome was obtained from the marrow aspirate. Busulfan was 
discontinued and 20 mg prednisone and 40 mg fluox.mesterone 
administered orally daily. Within one month, he developed in- 
sulin-dependent diabetes mellitus with a striking decrease in 
visual acuity. When daily platelet counts dropped belew 20,000, 
platelet therapy was begun with encounter of a platelet antibody 
in seven days. On October 16, 1967, splenectomy was performed 
with platelet component support. Microscopic examina-ion of the 
spleen was consistent with chronic granulocytic leukemia. The 
postoperative course was complicated by a left lingalar pneu- 
monitis. Steroids and fluoxymesterone were discontinued. He was 
asymptomatic at discharge and two months later the WBC was 
11,000, Hct 40, and platelets 400,000. He has remzined well 
and employed for five years, receiving intermittent 6-mercapto- 
purine for control of the white count. 

Comment. This case is remarkable for the long survival of 
chronic granulocytic leukemia. However, severe thmombocyto- 
penia related to an unusual sensitivity to busulfan became life- 
threatening. Discontinuance of prednisone abolished the diabetes 


e and visual difficulty. Intermittent chemotherapy has maintained 
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a relatively normal white count. He has been asymptomatic and 
employed for five years. 

Case No. 8, A. T. This 39-year-old male first noted right 
inguinal adenopathy 7 years prior to admission. Biopsy was inter- 
preted initially as Hodgkin’s disease but, on review, was read 
as reactive hyperplasia. A recurrence in the same area was 
biopsied three years before admission and interpreted as lympha- 
denitis. Six months before referral, he complained of weight 
loss and fever. Hepatosplenomegaly and lymphadenopathy 
prompted a left axillary node biopsy. Hodgkin’s disease was diag- 
nosed, Two courses of MOPP (mustargen hydrochloride, vin- 
cristine sulfate, prednisone, and procarbazine hydrochloride) were 
administered with resultant severe and persistent pancytopenia. 
Hct was 25, WBC 1,800, and platelets 12,000. Bone marrow 
biopsy revealed panhyperplasia. The postoperative course was 
complicated by a staphylococcal pneumonitis and septicemia. 
Hodgkin's disease histologically involved the liver, spleen, and 
abdominal lymph nodes. Hematologic improvement occurred after 
the postoperative complications abated. The Hct was 35, WBC 
16,000, and platelets 130,000 one month after a single course 
of MOPP. Hydroxyurea was then administered for 2 days. He 
died 5 months subsequent to surgery without significant remission. 

Comment. Repeated biopsies for years prior to admission 
were suggestive, but not diagnostic of Hodgkin’s disease, When 
the diagnosis was established, he was staged as 4-B and begun 
on MOPP therapy. Optimal therapy was compromised by severe 
persistent cytopenia and splenectomy was performed in the hope 
of improving tolerance to chemotherapy. The bone marrow 
was hyperplastic and compatible with hypersplenism. Hematologic 
improvement allowed a course of MOPP and two days of hydroxy- 
urea. The surgery was successful in that the desired response of 
elevation of blood elements occurred. The patient died of dis- 
seminated Hodgkin’s disease with extensive hepatic involvement. 

Case No. 9, C. D. This 37-year-old male was given 2,880 rads 
to left cervical Hodgkin’s disease 14 years before admission. Be- 
cause of systemic symptoms and a positive abdominal lymph- 
angiogram, similar dose radiation was administered eight years 
later to periaortic, inguinal, and mediastinal portals. Fever 
recurred six months prior to admission and physical examination 
revealed right cervical adenopathy and splenomegaly. Pancyto- 
penia was treated by 60 mg of daily prednisone. There was a 
transient rise in all blood elements. On referral, the right cervical 
adenopathy and splenomegaly were apparent. Bone marrow 
section revealed fibrosis, Hodgkin’s disease, and erythroid hyper- 
plasia. The platelet count was 65,000, Hct 27, and WBC 8,600. 
Splenectomy was performed with increase of platelet count to 
220,000. The spleen demonstrated Hodgkin’s disease and extra- 
medullary hematopoiesis. Abdominal nodes revealed Hodgkin’s 
disease. He was discharged on chemotherapy and lived for 18 
months before dying of his basic disease. 

Comment. This patient received radiotherapy prior to his 
admission for splenomegaly, anemia, and thrombocytopenia. Be- 
cause of cytopenia unresponsive to prednisone, the spleen was 
removed without complication. His platelet count returned to 
normal and the hematocrit to acceptable levels. He tolerated 
sequential chemotherapy for the remaining 18 months of his life. 

Case No. 10, W. M. This 35-year-old male had right cervical 
node biopsies nine and 4 years prior to admission for asymptomatic 
lymphadenopathy. On both occasions, no evidence of malignancy 
was noted. Another biopsy from the same area was diagnosed as 
Hodgkin’s disease and treated with 3,000 rads to a mantle dis- 
tribution three years before referral. Because of symptomatic 
Coombs’ positive anemia and splenomegaly six months prior to 
admission, he was given 60 mg of prednisone. A partial remission 
ensued but was complicated by overt diabetes mellitus. On ad- 
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mission, pallor and splenomegaly were noted. Peripheral klod 
values were Hct 20 with a brisk reticulocytosis, WBC 4,800, and 
platelets 53,000. Bone marrow section revealed erythroid hrpər- 
plasia, myelofibrosis and Hodgkin’s disease. Splenectomy was 
performed with a benign postoperative course. Prednisone was 
discontinued in one month. The spleen contained myeloid neza- 
plasia and Hodgkin’s disease. Postoperative Hct was 34, WBC 
6,000, and platelets 920,000. He subsequently returned tc nis 
occupation and two years later required chemotherapy for sympto- 
matic Hodgkin’s disease. He died 9 months later of disseminated 
herpes zoster and esophageal and pulmonary moniliasis. 

Comment. Prednisone therapy not only failed in inducing a 
remission of a disabling Coombs’ positive hemolytic anemia but 
was complicated by symptomatic diabetes mellitus. Splenec‘omy 
was followed by a functioning hematocrit and normal platelet 
count. After prednisone was discontinued, blood sugar determiaa- 
tions became , normal. The patient remained well for over two 
years when sequential chemotherapy was instituted for symptcam- 
atic Hodgkin’s disease, Of interest was absence of demonstrable 
Hodgkin’s disease at autopsy. 

Case No. 11, G. G. This 67-year-old male had noted a paular 
pruritic rash of the face and neck resistant to topical therepy 
for 5 years. Biopsy revealed a mononuclear cell infiltrate. Pancyto- 
penia had progressed over 2 years. Two months previous to a-Inuis- 
sion, he developed severe purpura following an upper respiratory 
infection. No platelets could be found on blood smear. He spon- 
taneously recovered to the admission level of 42,000 platelsts, 
Hct 30, and 2,800 WBC. Except for the papular rash and paleness, 
physical examination was normal. Bone marrow was panhyrer- 
plastic with megaloblastic erythroid hyperplasia and incr2ased 
granulocytic precursors with poor maturation. The marrow was 
unresponsive to parenteral B-12 or folic acid. The diagnosi: was 
chronic myeloproliferative disease, with probable smoldering ate 
granulocytic leukemia. Splenectomy was performed and his post- 
operative course complicated by left lower lobe pneumonitis and 
a left flank hematoma. The maximum hematologic response, >ne 
month later, was 166,000 platelets, 7,000 WBC, and Hct 40. 
Within 3 years, his blood element values gradually assumec pre- 
splenectomy levels, although, in spite of infections, he hed no 
further platelet crises. Six years after splenectomy, he was glazed 
on anti-leukemic therapy for blatant acute granulocytic leuxenia 
with a WBC of 120,000, the majority of which were blast forms. 

Comment. Even though the diagnosis of smoldering grenwlo- 
cytic leukemia was thought relatively secure, splenectomy was 
performed. Moderately severe thrombocytopenia had accelereted 
into a severe purpuric crisis with platelets absent on peripheral 
blood smear. His age of 67 and his demonstrated platelet cvisis 
with infection were considered indications for splenectomy. In 
spite of recurrent bacterial and viral infections over the next six 
years, his platelet count never dropped below 35,000 and he 
has led a normal existence until his leukemia recently became 
accelerated. 

Case No. 12, M. B. For 2 years, this 46-year-old female was 
known to have a progressive pancytopenia and a hypoplestic 
bone marrow. Purpura, epistaxis, and gingival bleeding oceu-red 
intermittently for one year with a recent exacerbation promp*ing 
admission. Except for extensive purpura, her physical examination 
was normal, The platelet count was 13,000, Hct 31, and WBC 
2,700. Bone marrow biopsy was hypoplastic with a granulocytic 
lineage of smoldering granulocytic leukemia. Splenectomy was 
performed, with preoperative and operative infusion of pletedets. 
Her course was complicated by left lower lobe pneumonitis. Her 
hematologic improvement was modest with a platelet cownz of 
60,000, Hct 40; and WBC 7,000. She returned to a normal life 
until 26 months later, when symptomatic anemia neceszitated 
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intermittent blood transfusions. Thirty-one months post-splenec- 
tomy, acute granulocytic leukemia, unresponsive to therapy, be- 
came manifest and she died of hemorrhage. 

Comment. The patient was observed for 2 years for progressive 
pancytopenia. Because of severe hemorrhagic thrombocytopenia, 
a splenectomy was performed with full consideration of the diag- 
nosis of smoldering granulocytic leukemia. It was recognized that 
the megakaryocytes were greatly reduced in number, but a modest 
increase in circulating platelets rendered her asymptomatic. For 
over 2 years, she pursued a normal life until her leukemia 
exacerbated. 

Case No. 13, M. M. Fourteen days prior to admission, a 
19-year-old male complained of pain in a wisdom tooth. Extrac- 
tion was carried out the next day complicated by chills and 
fever persisting until three days before hospitalization. The Hct 
was 25, platelets 20,000, and WBC 2,000. On admission, the 
physical examination revealed only dependent petechiae. The 
platelets were 15,000, WBC 875, Hct 35 (after transfusion) and 
the marrow biopsy was devoid of hematologic elements. The 
patient was given prednisone and fluoxymesterone. After one 
week without response, a splenectomy was performed complicated 
by postoperative pneumonitis. Hemostasis was assured by platelet 
infusion therapy during surgery and postoperatively until his death. 
A total of 100 platelet concentrates, 20 platelet-rich plasma, and 
20 units of fresh whole blood was given. At no time was a hema- 
tologic response to medical therapy or splenectomy noted. The 
remainder of his life was characterized by recurrent sepsis. 

Comment, Although it was recognized that total aplasia of 
the marrow has rarely been followed by a remission, splenectomy 
has been performed to achieve this end. The procedure was com- 
plicated by pneumonitis and was not followed by hematologic 
improvement. It is of interest that 80 postoperative platelet ad- 
ministrations were not associated with a platelet antibody. Death 
was due to infection. 

Case No. 14, D. H. This 31-year-old male was hospitalized for 
a severe autoimmune hemolytic anemia showing anti-¢,C,e,E 
specificity, responsive to three months of 60 mg of prednisone 
daily. No etiology for the hemolytic process was found and he 
was discharged without medication with a hematocrit of 45. He 
was well until he experienced an exacerbation with jaundice, 
anemia, and hemoglobinuria. Prednisone, 60 mg a day, was 
reinstituted with return of the Hct to 48 from 28. Again, an 
etiology for the hemolytic anemia was not apparent. Splenectomy 
was performed and complicated by left lower lobe pneumonitis. 
Prednisone was gradually tapered and discontinued after three 
months. He has had normal hematocrit for two years. 

Comment. A severe autoimmune hemolytic anemia responded 
to 60 mg prednisone daily for 3 months only to relapse 8 months 
later. Again, there was a response to the same dosage of predni- 
sone. After 5 months of treatment, splenectomy was performed. 
The delay in operation was due to difficulty in cross-matching as 
the patient was compatible only with —D- or Rhai: cells. Be- 
cause of the severity of the hemolytic episodes, even though each 
was responsive to prednisone, splenectomy was considered advis- 
able because of the virtual impossibility of transfusing the patient 
and the hazards of long-term steroids. 

Case No. 15, W. S. At the age of 25, an axillary node biopsy 
was interpreted as Hodgkin’s disease. One thousand rads were 
given to each axilla, the only sites of adenopathy. Eight years 
later, an appendectomy was performed with the remainder of 
the abdominal exploration judged normal. Chills, fever, and a 
12-pound weight loss prompted admission 12 years after diagnosis. 
Physical examination revealed hepatosplenomegaly. The platelet 
count was 35,000, WBC 1,300, and Hct 17. Splenectomy was 


performed with operative platelet infusions. The postoperative + 
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course was complicated by a right lower lobe pneumonitis. The 
hematologic response was a platelet count of 330,000, Het 28, 
and WBC 7,000. Four months after surgery, he developed peri- 
orbital cellulitis and a nephrotic syndrome. At autopsy, Hodgkin’s 
disease was found in the liver and lymph nodes, similar to the 
operative histologic specimens of the spleen, lymph nodes and rib. 

Comment. The prolonged course of Hodgkin’s d&ease in this 
patient is remarkable in view of the radiotherapy given which, 
in view of present knowledge, would be deemed inacequate. The 
progressive and severe thrombocytopenia responded. to splenec- 
tomy. Although the hematologic response was satifactory, the 
underlying disease was unaltered. The patient died af a severe 
nephrotic syndrome prior to the time that chemotkerapy could 
be instituted for Hodgkin’s disease. 


Results and Discussion 


All but one of the patients were seriously threatened 
by thrombocytopenia. Six patients were acministered 
platelet components prior to surgery. In each case, the 
indication was severe skin, mucous membrane, urologic, 
or gastrointestinal bleeding. Once treatment was insti- 
tuted, platelet counts were maintained over 10,000 until 
surgery was performed. During surgery, the platelet 
count was kept over 30,000. Two additional pacients were 
transfused only intraoperatively to insure the same hemo- 
static platelet level. The postoperative platelet therapy 
indication was the same as preoperatively. The total units 
of platelet components given appear in Table L 

During and after surgery, hemostasis was uneventful. 
To stanch serious clinical bleeding and maintzin a plate- 
let level over 10,000 a substantial blood bank commitment 
was needed. In all cases, an operative platelet level of 
30,000 insured adequate hemostasis. Platelet infusion sup- 
port traditionally has been geared toward a. successful 
surgical procedure. Although this approach often may be 
sufficient, some patients postoperatively may tax blood 
bank logistics. The requirements of two patients with 
chronic granulocytic leukemia, namely, 182 and 22 plate- 
let units, and 80 units for the patient with aplastic 
anemia, were predictable. However, the 190 and 156-unit 
replacement in two patients with thrombocytopenic lupus 
erythematosus was unexpected. One of these patients re- 
mains alive and well; whereas, the other died two months 
after surgery. Thus, planning of platelet support should 
not only include the preoperative and surgical manage- 
ment but also a delayed endogenous platelet recovery 
must be anticipated. 

The platelet response to splenectomy in the 14 patients 
with thrombocytopenia was assessed 2 menths after 
surgery (Table 2), at which time they were free of plate- 
let replacement. Over the succeeding 2 monthz, all plate- 
let counts above 200,000-400,000 returned to normal with 
the exception of one patient with lupus erythematosus 
(E.S.) who remained unchanged at 800,000. Except for 
those who required intensive chemotherapy fcr underly- 


COMPELLING SPLENECTOMY 


765 


TABLE 1, Total Platelet Support. 
(Donor Units) 

Case Preop Operative Postop 
#1 J.S.) 32 7 182 
#2 (E.S.) 30 14 156, 
#3 (B.T.) 36 8 190 
#6 (H.H.) 65 8 22 
#7 (M.H.) 6 2 0 

#12 (M.B.) 0 6 0 
#13 (M.M.) 50 10 80 
#15 (W.S.) 0 2 0 


ing disease, there was no further substantial change in 
platelet levels. 

Considering a normal platelet count to be in excess cf 
200,000 mm?, 9 patients attained this level. Four patients 
increased to levels of 40,000 to 200,000 without recur- 
rence of spontaneous hemorrhage. Only the one patient 
with marrow aplasia was unresponsive. Thus, 64% of 
patients reached or exceeded normal levels and another 
29%, although thrombocytopenic, were free of hemor- 
rhage. Of the partial responders, 2 suffered from 
smoldering granulocytic leukemia and one was in the 
accelerated phase of chronic granulocytic leukemia. The 
remaining patient was stage 4-B Hodgkin's disease who 
was operated in the hope of improving tolerance to 
chemotherapy. From this small sampling, it would ap- 
pear that a gratifying, but incomplete response may be 
anticipated in patients verging on acute granulocytic 
leukemia. Thus, 93% were responsive to splenectomy per- 
formed for correction of a thrombocytopenic bleeding 
diathesis by either improving or normalizing circulating 
platelet levels. 

Discontinuance of prednisone is well advised to avoid 
both acute and chronic toxicity. Thus, a further consid- 
eration of the efficacy of splenectomy is the relief of this 


TABLE 2. Platelet Results. 


(X103/mm?) 

Case Presplenectomy Postsplenectomy Diagnosis 
#1 (J.S.) 2 40 CGL* 
#2 (E.S.) 4 800 SLEt 
#3 (B.T.) 20 - 250 SLE 
#4 (A.F.) 49 480 HDt 
#5 (D.N.) 3 850 SLE 
#6 (H.H.) 4 250 CGL 
#7 (M.H.) 8 400 CGL 
#8 (A.T.) 20 130 HD 
#9 (C.D.) 65 220 HD 

#10 (W.M.) 53 920 HD 
#11 (G.G.) 42 165 SGL§ 
#12 (M.B.) 13 60 SGL 
#13 (M.M.) 15 15 Aplasia 
#15 (W.S.) 35 330 HD 


* Chronic granulocytic leukemia 

t Systemic lupus erythematosus 

t Hodgkin’s disease 

§ Smoldering granulocytic leukemia 
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TABLE 3. Prednisone Therapy. TABLE 5. Surgical Complications. 
Case’ Daily (mg) Weeks Discontinued Case Disease Steroids Complications 
#1 (J.S.), 100 1 Yes #1 (J.S.) CGL Yes None 
#2 (E.S.) 60 1 #2 (E.S.) SLE Yes Pneumonia 
: 100 2 Yes #3 (B.T.) SLE Yes Ileal ulcer & bleeding 
#3 (B.T.) 100 4 No Anastomotic leak and 
#5 (D.N.) 20 1 Yes peritonitis 
#7 (M.H.) 20 12 Yes #4 (A.F.) HD No None 
#9 (C.D.) 60 8 Yes #5 (D.N.) SLE Yes None 
#10 (W.M.) 60 8 #6 (H.H.) CGL No Pancreatitis 
40 12 Yes Wound hematoma 
#13 (M.M.) 20 1 No Staph. wound infection 
#14 (D.H.) 60 16 Yes #7 (M.H.) CGL Yes Pneumonia 
#8 (A.T.) HD No Pneumonia and 
Staph. septicemia 
, h. infecti 
drug. The dosage and length of therapy preoperatively #9 (C.D.) HD Ves Sha ee 
are listed in Table 3. #10 (W.M.) HD Yes None | 
Of the 9 patients administered steroids, 7 were dis- #11 (G.G.) SGL No Pneumonia and wound 
š 44. : 2 hematoma 
continued within 2 months without adverse hematologic 412 (M.B.) SGL No Preuinona 
effect. The 2 failures were the patient with aplasia end ‘ne oa AA Yes Pneumonia 
i . : . ae 14 (D.H.) AIHA Yes Pneumonia 
the patient with severe thrombocytopenia associazed 415 (WS) HD No Poemon 


with systemic lupus erythematosus who died 2 montks 
after surgery. Six of 7 who were withdrawn from this 
treatment maintained normal hematology, and one was 
compensated with a platelet count of 40,000. This patisrt 
was in the aggressive form of chronic granulocytic lev- 
kemia. Thus, 78% of those on prednisone were success- 
fully removed from this medication. 

The hematologic improvement and the relief from 
prednisone treatment are important, but what of the im- 
pact of splenectomy on life? This group of 15 is divided 


into 3 subgroups: Those who have remained well or who 
had extended survival, although requiring therapy for 
basic disease; those who experienced a productive life 
prior to eventual death; and the last subgroup who died 
a few months after surgery. There are 5 patients in each 
subgrouping, as shown in Table 4. 

Three of the patients remain alive and well, with nor- 
mal hematology and without medication as of May 1972. 
The patient with chronic granulocytic leukemia requires 


TABLE 4, outpatient maintenance chemotherapy to normalize his 
a total white count. He remains fully employed. The in- 
Süral dividual with smoldering granulocytic leukemia mani- 
Case Disease Splenectomy (months; fested acute leukemia 79 months post-splenectomy and is 
#14 (D.H.) AIHA Apr 70 26 now being administered prednisone, vincristine sulfate, 
#5 (D.N.) SLE Oct 69 32 and 6-mercaptopurine. 
i eee oe a a . The 5 who benefited from splenectomy left the hos- 
#11 (G.G.) SGL Sep 65 81 pital to become economically productive. They led a 
normal life until the end stages of their diseases. Func- 
Benefited o. tioning life was determined as the months following 
Functoninz splenectomy in which their life was not compromised by 
Case Disease Splenectomy Death (months) intensive chemotherapy or hospitalization. The mean pro- 
ductive survival was 2 years. i 
n ree o na o a Gi i The final one-third fee did not benefit died of the 
A Eek Julos Jun 70 20 basic disease with the exception of one late postopera- 
Ho (Wine) HD noe ee 7 z tive death. Of the remaining, 2 had Hodgkin’s disease 
stage 4-B, one was aplastic, and the other suffered a 
Not Benefited blastic crisis of chronic granulocytic leukemia. 
Case Disease Splenectomy Death ae ; pongenne on eta irom Sp tenectomy price ica 
ticipated in the medically compromised patient, then 
op a T = A oa A : surgical complications must be analyzed. In such a poor 
"YB (AT.) HD Mari Jul 71 5 host, the potential gain must be balanced against the 
#1 (J.S.) CGL Sep 67 Jan 68 5 morbidity and mortality. The surgical complications and 
#3 (B.T.) SLE Dec 69 Feb 70 2 j 


other data appear in Table 5. 
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There was no mortality within 30 days following sur- 
gery. One patient died 2 months later of postoperative 
complications after her third surgical procedure. She de- 

veloped ileal edema, ulceration and bleeding one month 
after splenectomy. The terminal 3 feet of ileum were re- 
sected and primary anastomosis performed. She subse- 
quently died from anastomotic leakage, peritonitis, and 
septicemia. It is suggested that this complication in a 
patient on high prednisone dosage might be better man- 
aged by ileostomy and colocutaneous fistula rather than 
by resection and anastomosis. 

In 10 of the 15 patients (67%), there were 15 compli- 
cations. One patient suffered 2 complications, and 2 pa- 
tients each experienced three. Eight of the 15 (53%) 
postoperative problems were pneumonia. Such a high 
rate demands meticulous attention to postopera pul- 
monary preventive measures. 

Of those 9 patients taking steroids, 5 experienced com- 
plications. Of the 6 not taking steroids, 5 had complica- 
tions. This reversal of anticipated results may be partially 
explained by underlying malignancy. Three of the pa- 
tients not taking steroids had leukemia and three had 
Hodgkin’s disease. 

‘Of 10 patients in whom left subcostal incisions were 
made, 3 had wound complications. Similarly, of 3 patients 
with midline incisions, one experienced wound complica- 
tions. None occurred in the 2 patients haying paramedian 
incisions. Retention sutures were emplcyed in 5 patients, 
one of whom suffered wound complications; whereas, 3 
occurred in the 10 patients withdut retention sutures. 
These results permit little to be said regarding the pre- 
ferred incision or the use of retention sutures. 

There was no postoperative mortality in the 15 patients 
subjected to splenectomy. The morbidity rate was high, 
namely 67%, composed predominantly of pneumonia. Ef- 
forts directed toward intensive postoperative pulmonary 
toilet appear mandatory. In this small series, the type of 
surgical incision or the use of retention sutures does not 
seem to influence the wound complication rate. Lastly, 
postoperative problems were related more toward the 
basic disease than to the preoperative use > of steroids. 


Summary 


The indication for splenectomy was considered urgent 
in 15 patients with severe cytopenia. Fourteen were 
threatened by thrombocytopenia and one by recurrent 
hemolytic anemia. This group of patients was further dis- 
tinguished by hematologic malignancy or autoimmune 
disorder. Almost all had received some combination of 
radiotherapy, steroids, or chemotherapy. Life-sndanger- 
ing cytopenia, serious basic disease, and previous therapy 
with immunosuppressive agents characterize these pa- 
tients as medically compromised. : 

There was no immediate operative mortality, although 
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one patient died 2 months after splenectomy. The mor- 
bidity was significant, namely 67%, with pneumonia being 
the leading postoperative problem. In 67% of patients, the 
cytopenia corrected to normal and all but one patient ex- 
perienced significant improvement. Seven of 9 patients 
were successfully discontinued from prednisone. while 
maintaining post-splenectomy gains. The 15 patients were 
equally divided into 3 subgroups regarding those who 
remain alive, those who experienced significant improve- 
ment in functioning life, and those without benefit. This 
experience may assist the physician who must balance the 
risk versus the potential gain when the indication for 
splenectomy appears compelling, yet the patient’s condi- 
tion is medically compromised. 
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A Comparison of the Effects of Truncal, 
Selective and Highly Selective Vagotomy 
on Maximal Acid Output i in Response to Pentagastrin 


K. JEPSON, M.B., CH.B., iF 'LARI, 


F.R.C.S., C. S. HUMPHREY, M.B., CH.B.; 


R. B. SMITH, M.B., CH.B., A. R. WILKINSON, M.B., CH.B., F.R.C.S. 


THEREAS BOTH TRUNCAL VAGOTOMY and -selective 
vagotomy denervate the entire stomach,?° highly 
selective vagotomy (HSV)?! is a deliberately-incom- 
plete gastric vagotomy,’ the vagal denervation being 
confined to the parietal cell mass! while the antrum is 
left innervated (Fig. 1). The advantage of HSV over the 
other types of vagotomy is that a drainage procedure is 
unnecessary, the milling function of the antrum and the 
ability of the pylorus to discriminate between solids and 
fluids*§ are preserved and side-effects such as dumping"? 
and diarrhoea”® are reduced significantly. ‘A possible dis- 
advantage, however, is.that in the long run HSV might 
fail to lower acid output sufficiently, so. that the incidence 
of recurrent ulceration could be prohibitively high. For 
these reasons, we measured pentagastrin-stimulated i maxi- 
mal acid output (MAO) both one week, and morë, than 
one year, after truncal vagotomy and pyloroplasty (TV + 
P), bilateral selective vagotomy and pyloroplasty (SV + 
P) and highly selective vagotomy without a drainage 
procedure (HSV). 


Method 


Patients: In each patient, the diagnosis of duodenal ul- 
ceration was made on barium meal examination and con- 
firmed at operation. The vagotomy (of the parietal cell 
mass: PCM) had been shown to be comiplete by Hol- 
lander’s™ criteria in each patient in the early post-opera- 
tive period. Patients judged to be clinical failures were 
excluded from the late tests. The paneas were fully- 
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informed ae. wło were; however, considered 
to be representative. of the entire groups of patients 
treated by TV + P, SV + P and HSV. Details. are given 
in. Tables 1 and 2 of the numbers of patients in each of 
the 3 groups, of their ages, sex, weights, pre- operative 
MAO and óf the time. interval between operation and 
secretory testing.’ Matching of the 3 groups was reason- 
ably close in most respects, although patients after TV + 
P were somewhat older, on average, and also, in the later 
tests, slightly heavier than patients after SV + P or HSV. 
The later tests were performed approximiately two years 
after TV +. P and SV + P, and 15 months after HSV. 
The pyloroplasties were of the Heiriecke- Miculicz va- 
riety in nearly every case. 

Measurement of Maximal Acid Output (MAO). The 
tip of a 14 or 16F polyethylene naso-gastric tube was 
placed in the body of the stomach iri the morning, after 
the patient had fasted overnight. Tests in the early post- 
operative period, however, were performed via a gas- 
trostomy tube. Continuous suctioi was exerted on the 
tube throughout the test, except when air was injected 
at 60-second intervals to ensure that the lumen remained 
patent. The patient lay supine or on his left side, and 
expéctorated saliva. He was encouraged to take deep 
breaths after clearing of the tube with air, to help “ pump” 
out any unaspirated secretion. If flow diminished unac- 
countably, the position of the tube, or of the patient, or 
of both, was altered. Each test was supervised closely by 
an experienced, meédically-qualified, gastric tester. 

The first 15 minutes were spent in aspirating “resting 


i 769 








Selective Vagotomy Highly Selective Vagot 
ota out Drainage as 


Trancal Vagotomy 
and Pyloropla and Pyloroplasty 


oroplasty 
Fic: 1, The anterior aoe is depicted in black; the posterior 
vagus in white. Vagally-denervated areas are shaded. In‘ truncal 
vagotomy, the hepatic and. coeliac branches are severed, and 
_ the entiré stomach. and small bowel are denervated. In bilateral 
selective vagotoniy, the hepatic and coeliac branches are spazed, 
but the entire stomach is still vagally-denervated as far es the 
pylorus; so that addition of a drainage procedure is necessary. In 
HSV, the nerves of Latarjet to the antral region of the stomach 
are preserved and no drainage procedure is required. 


juice.” Spontaneous (basal) secretion was then collected 
into 4 x 15-minute samples for 1 hour. Pentagastrin 
(PG; Peptavlon, ICI) was then given by intramuscular 
injection’® to stimulate MAO. Before operation, a dose 
of 6 ug pérkg was used.’® After vagotomy, a dase of 
10 ug per kg was used because of previous evidence?) 
78.25 that after truncal vagotomy in man larger doses of 
PG are required to elicit MAO than are needed before 
operation. We have shown elsewhere?! that either 3 or 
10 ug per kg of PG is sufficient to elicit MAO after HSV. 
Gastric acid output.in response to PG was collected into 
12 x 5-minute batches. The samples. of gastric juice were 
filtered through gauze and 1 ml. aliquots titrated electro- 
metrically. to pH 7.on a ‘Radiometer’ TTTI Autotitrator, 
using 0.IN NaOH. MAO in mEq per hour is expressed as 
peak acid output (PAQ),* which is peak-20-minute acid 
output multiplied by three.1* Figures quoted are erith- 
metic means plus or minus one standard error of the 
mean. E | l 

Details of the insulin tests are published elsewhere.” 
The dose of insulin used was 6.2 unit per kg intrave- 
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nously, and in éach test blood glucose concentration de- 
creased to less than 35 mg per 100 ml. 


Results 


Peak Acid Output in the Early Post-operative Period. 
The effects of the 3 types of vagotomy on PAO(PG) were 
found to be virtually identical (Table 1). Each reduced 
PAO by about 50%, from approximately 42 mEq per hour 
before operation to 21 mEq per hour after operation. 

Peak Acid Output More Than one Year After Vagot- 
omy. Again, there was little difference between the mean 
PAOs after the 3 types of vagotomy (Table 2, Fig. 2). 
Mean PAO(PG) was about 20 mEq. per hour, and the 
mean reduction in PAO compared with pre-operative 
PAO was approximately 502. 


Discussion 


Truncal, selective and highly selective (“parietal-cell”) 
vagotomy were each found to have reduced MAO by ap- 
proximately 50% both orie week and more than one year 
after operation. The small differences which existed be- 
tween the groups of patients in respect of age, weight, 
and time interval between operation and secretory test- 
ing are not felt to detract seriously from this main con- 
clusion, While it would have been ideal to have per- 
formed serial tests on the same patients after operation, 
for practical reasons it. was impossible to do so in the 
case of patients after TV+P and SV-+P. Serial testing of 
MAO in the same patients after HSV has been done,” 
and confirms that the reduction in MAO which is found 
in the early post-operative period is maintained for up to 
two years after operation, and hence seems likely to be 
permanent. Similarly, it has been shown previously by 
Bell that the reduction in MAO which is recorded in the 
early post-operative period after. truncal vagotomy does 
not change significantly in the course of the’ first three 
years after operation. The results which we have obtained 
in patients after truncal vagotomy are in accord with 
Bell's findings. | . 

A figure of seventy per centë? is often quoted as the 


TABLE 1. Comparison of the Effects of Truncal, Selective cnd Highly Selective Vagotomy on Pentagastrin-stimulated Peak Acid Output 
(5 to 1) days after operation) 


Number 


_ PAO (mEq/hr) 


of Patients Age Weight One Week % 
l Tested (years) Sex (kg.) Pre-Op. Post-Op. Reduction 

Truncal vagotomy + pyloroplasty 38 49.4 33M 65.1 42.3 20.1 49.5 
. e + 2.3 5F + 2.0 + 2.3 + 1.4 + 3.6 
Bilateral selective vagotomy 29 42.6 22M 60.9 43.7 22.2 48.8 
+ pyloroplasty + 2.3 7F + 2.4 + 3.0 + 2.1 + 3.8 
Highly selective vagotomy 26 41.2 22M 66.0 40,3 20.2 48.4 
29. «. SE + 2.2 0-5 Ers + 3.5 


‘Data are arithmetic means + 1 SE, The insulin test was negative by Hollander’s criteria in each patient. PAO is peak-20-minute acid 
output multiplied by three. à 
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TABLE 2. Comparison of the Effects of Truncal, Selective and Highly Selective Vagotomy on Pentagastrin-stimulated Peak Acid Output 
(More than one year after operation) 





Number 
of patients Aze 

Tested (years) Sex 

Truncal vagotomy 32° 48.3 All 
-+ pyloroplasty + 1.9 M 

25 46.3 All 
+ 2.3 M 
Bilateral selective vagotomy 11 40.0 9M 
-+ pyloroplasty + 3.9 2k 
Highly selective vagotomy 20 39.9 16M 
+ 2.2 4F 


Data are arithmetic means + 1 SE. 


PAO (mEg/hr.) 
Months a Ae 

Weight After > 1 Yr. % 
(kg.) Operation Pre-Op. After Op. Reduction 

69.9 27.0 — 18.9 — 
+ 1.7 +12 + 1.5 

70.7 22.5 44.2 20.3 51.8 
+ 1.9 + 2.0 + 2.5 + 1.9 + 5.1 

66.6 24.7 40.4 21.6 44.7 
+ 1.6 + 3.5 + 3.5 + 3.0 + 7.6 

65.0 15.0 40.7 19.3 52.1 
+ 2.2 + 1.7 + 2.6 + 2.3 + 4.6 


* These patients did not have measurements of acid output before operation. All the patients tested were in good health more than one 


year after operation. 


reduction in MAO which is produced by truncal vagot- 
omy in man. The smaller reduction in MAO which was 
found in the present study is probably attributable to 
the recording of MAO in terms of peak acid responset 
rather than as total acid output in the hour after the 
pentagastrin injection and to the use of a dose of penta- 
gastric which was capable of eliciting a maximal secre- 
tory response from the denervated parietal cell mass. 
We,” and others,:?3:25 have shown previously that after 
truncal vagotomy significantly larger doses of histamine 
‘or pentagastrin are needed to elicit MAO than were 
needed before operation. 

It has been reported previously that, 5 years after 
vagotomy, patients who had undergone selective vagot- 
omy (SV) secreted significantly more acid in response to 
insulin than did patients who had undergone truncal 
vagotomy (TV). Hence, the final reduction in MAO 
after SV is unlikely to be greater than the final reduc- 
tion in MAO after TV. Our own findings suggest that the 
reduction in MAO after SV is the same as that after TV. 
However, since we tested only 11 patients more than one 
year after SV, such a conclusion must be tentative. 

In conclusion, we have shown that HSV without a 
drainage procedure reduces MAO as effectively as do 
truncal or selective vagotomy with pyloroplasty. Thus, 
TV or SV, which vagally denervate the antrum,” do not 
reduce MAO more than HSV, which leaves the antrum 
innervated.'10.16.17 The advantages of leaving the antrum 
innervated and the pylorus intact in man have been dem- 
onstrated clearly: there is significantly less diarrhoea” 
and significantly less dumping.’* What then is the justifi- 
cation for vagally denervating the antrum? It is not to 
be found in a greater reduction in the secretory response 
to a test meal, because, as we have shown previously,?® 
patients after HSV with an innervated antrum do not 
secrete more acid in response to meat extract than do 
patients after SV (whose antrum is denervated). Nor 


„can vagal denérvation of the antrum be justified in 


2 
20 
PAO’? , 
mEq 
perhour 40 
5 
0 
HSV TRUNCAL V+P SELECTIVE 
number of (Leeds) (Sheffield) V+P 
patients (20) (25) (2 aD 


Fic. 2. There was no significant difference between the mean 
peak acid outputs (+ 1 SE) in response to pentagastrin 
(PAO?°), more than one year after truncal, selective or highly 
selective vagotomy. All patients had “Hollander-negative” insulin 
tests in the early post-operative period and were in good health 
at the time of testing. 


terms of the prevention of recurrent ulceration, since 
histamine-induced ulcers in dogs have been found to be 
significantly less common after HSV (“parietal-cell va- 
gotomy’ ) than after SV with pyloroplasty or antrectomy.14 
What is more important, 300 patients with duodenal ulcer 
have now been treated by HSV over a 4-year period in 
Leeds and Copenhagen* without a single case of recur- 
rent duodenal ulceration being encountered. Holle, in a 
seven-year experience of HSV (SPV) with a drainage 
procedure, has reported a recurrent ulcer rate of less than 
one per cent in 171 patients.!? Further studies of basal 
acid output, and of the responses to insulin and to test 
meals after HSV are needed. Meanwhile, the evidence 
which is already available from clinical and laboratory 
studies suggests that vagal denervation of the antrum of 
the stomach is unnecessary and may be harmful. 


* Amdrup, Jensen, Goligher and Johnston, unpublished observa- 
tions. 


772 


Summary 


& comparison was made of the effects of truncal va- 
gotomy and pyloroplasty, selective vagotomy and pylcro- 
plasty and highly selective vagotomy without a drainage 
procedure (HSV) on maximal acid output in response 
to intramuscular pentagastrin. Patients were tested be- 
fore operation, one week after vagotomy and more than 
one year after vagotomy. The diagnosis in each patient 
was duodenal ulceration. Patients chosen for testing 
more than one year after operation were in good health, 
and their insulin tests had been negative in the early 
post-operative period. The 3 groups of vagotomized pa- 
tients were well-matched with respect to pre-opezative 
maximal acid output, clinical status and body weight. 

One week after operation, it was found that each of the 
3 types of vagotomy had reduced peak acid output bv 50 
per cent, to approximately 20 mEq per hour. More than 
one year after operation, the mean peak acid outptt in 
each of the 3 groups of patients was again found to be 
approximately 20 mEq per hour, and the mean reduction 
compared with pre-operative acid output was in the 
region of 50 per cent. 

Conclusions: 1) When performed efficiently, as judged 
by the finding of a negative response to insulin soon after 
operation, each of the three types of vagotomy produces 
a permanent mean reduction in maximal acid output of 
about 50%, and 2) Highly selective vagotomy without 
drainage is as effective as truncal or selective vagotomy 
with pyloroplasty in reducing maximal acid output. 
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Influence of Heparin and Low Molecular Weight Dextran 
on the Patency of Autogenous Vein Grafts 
Vein Grafts in the Venous System 


ROBERT W. HOBSON, II, M.D., LT.C., MC, USA, ROBERT D. CROOM, III, 
M.D., MAJ., MC, USAR, NORMAN M. RICH, M.D., FACS, COL., MC, USA 


MPROVEMENT IN THE EXPERIMENTAL RESULTS of venous 
reconstruction has been limited principally to the use 
of autogenous vein grafts. Peripheral venous reconstruc- 
tion employing homologous or synthetic materials has 
yielded unsatisfactory results.55.°.18 Experimental studies 
have demonstrated variable immediate and long-term 
patency rates even for autogenous vein grafts in the 
peripheral venous system,?-6,8,9,11,13,16,18 

Evaluation of patients from the Vietnam Vascular Reg- 
istry'* has emphasized the importance of repairing con- 
comitant venous injuries at the time of arterial recon- 
struction. Venous reconstruction to include the use of 
autogenous veins has been recommended rather than 
ligation to prevent acute venous insufficiency. The estab- 
lishment of a high rate of early patency is important. 
However, clinical case reports'*® indicate that subse- 
quent morbidity may be lessened by recanalization of 
originally thrombosed repairs. 

In a recent comprehensive review by Haimovici and 
associates,” various techniques were described for im- 
proving patency of vein grafts in the venous system. One 
important factor was the use of various anticoagulants. 
These agents appeared to be valuable additions to the 
therapeutic regimen and further investigation was recom- 
mended. 

The purpose of this study was to evaluate the effect of 
heparin and low molecular weight dextran 40 (Rheo- 
macrodex) on the patency of autogenous vein grafts in 
the canine femoral vein. 
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Materials and Methods 


Adult mongrel dogs of both sexes, weighing 22-30 
kilograms were anesthetized with pentobarbital (30 mg/ 
kg intravenously). Five centimeter segments of jugular 
vein were excised and grafted into femoral vein defects 
distal to the inguinal ligament bilaterally. Meticulous 
technique began with careful dissection of the vein and 
removal of adventia. The grafts were placed in saline 
and the femoral veins were exposed through incisions 
extending from the inguinal ligament to mid-thigh. Three 
centimeter segments of the femoral vein were excised 
and replaced with the jugular venous autograft using 
end-to-end anastomoses with continuous 6-0 Dacron 
vascular suture (Fig. 1). Tension on the suture line was 
avoided and any narrowing of the completed anastomosis 
was unacceptable and reanastomosis performed. The re- 
duced tension on the suture line regularly resulted in 
bleeding with reestablishment of flow. However, this was 
minimal and easily controlled with light pressure, rarely 
requiring additional sutures. Fig. 2 shows an acceptable 
result. 

Twenty-one dogs (42 autografts) were separated into 
the following groups: 8 dogs (16 grafts) as controls re- 
ceived no anticoagulants, 7 dogs (14 grafts) received in- 
traoperative and postoperative heparin, and 6 dogs (12 
grafts) received intraoperative and postoperative dextran 
40. 

Sodium heparin (100 U.S.P units/kg) was administered 
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Fic. 1. The proximal anastomosis between the femoral vein and 
jugular autograft has been completed. The incomplete distal 
anastomosis is seen demonstrating the suture technique. 


intravenously during the operation. Intravenous hesarin 
was administered via a polyethylene catheter in the jugu- 
lar vein every 4-6 hours for the first 72 hours postopera- 
tively to maintain the Lee-White elotting time at twe and 
one-half to three times preoperative levels. Dextran 40, a 
10% solution in 5% dextrose in water, was adminis cred 
in a dose of 15-20 cc/kg — 24 hours. Begun durinz the 
operation, divided doses of dextran 40 were administered 
twice daily during a 2-3 hour period of light pentoł arbi- 
tal anesthesia for the first 72 hours after operation. Con- 
trol animals received an equal volume of normal saline 
on the day of operation. 

Vein graft patency was evaluated with venography 
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TABLE 1. Number of Patent Vein Grafts After Operation 
Time Postoperative 
Number — — 
Group of Grafts Immediate 3 Days 3 Weeks 6 Weeks 
Contrel 16 16 12 15 15 
Heparin 14 14 11 12 14 
Dextran 40 {2 12 12 12 12 
Combined 42 42 35 39 41 





immediately, 3 days, 3 weeks, and 6 weeks after opera- 
tion. Ten milliliters of sodium diatrizoate (Hypaque ) 
were injected into a peripheral vein for each venogram. 
Final patency figures were recorded in Table 1 and were 
analyzed statistically by chi square and Fishers exact 
tests." 


Results 


All anastomoses were patent immediately following 
operation. Twelve of sixteen control grafts (75%) re- 
mained patent three days postoperatively. Fifteen of 16 
control grafts (94%) were patent at three and six weeks 
postoperatively indicating recanalization of three grafts. 
Heparinized animals showed no significant improvement 
in patency rate with 11 of 14 patent grafts (78%) 3 days 
following operation. Recanalization led to an ultimate 
patency rate of 100 % at six weeks. Dextran 40 treatment 
resulted in improved early patency with 12 grafts being 
patent 3 days after operation. All grafts remained patent 
at 3 and 6 weeks postoperatively. Dextran 40 was sug- 
gestive but not clearly significant (X? = 1.76; p = 0.089 ) 
in improving the postoperative patency rate. The overall 
patency rate for 42 grafts was 83% on the third post- 
operative day and 97% 6 weeks following operation. 


Fic. 2. A close-up view of the completed distal anastomosis 
( single marker) demonstrated a satisfactory result. 
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Fic. 3. Immediate postoperative 
venogram demonstrated an ade- 
quate repair. 





Venography reflected the adequacy of the venous 
anastomosis. The physical apearance of this anastomosis 
was acceptable and confirmed by postoperative venog- 
raphy (Fig. 3). Another venogram (Fig. 4) showed the 
results of one venovenous anastomosis, which was satis- 
factory at operation. Narrowing and possible thrombus 
at the suture line were noted. Venograms (Figs. 5, 6) 
showed the subsequent occlusion three days postopera- 
tively and recanalization at 6 weeks. 


Discussion 


The success of vein grafting in the peripheral venous 
system has been variable: Some investigators®+8 have 
reported early postoperative patency rates for autogenous 
vein grafts in the canine femoral vein of less than 25%. 
Others have reported early patency rates in excess of 
50% and comparable to the 83% for all grafts in this 
study.*:%9.15.16.18 The differences in patency results must 
be related in part to the various technical considerations 
in venous grafting. The importance of meticulous tech- 
nique cannot be overemphasized in performing the veno- 
venous anastomosis. Great care in handling the grafts 
and insuring a complete but careful stripping of the 
adventitia was essential. A 5 centimeter venous autograft 
was utilized to replace 3 centimeter femoral vein de- 
fects. This compensated for the femoral vein retraction 
seen after excision of the segment and reduced tension 
at the anastomosis. During the performance of the 


Fic. 4. Immediate postoperative 
venogram demonstrated an in- 
adequate result with narrowing 
and possible early thrombus for- 
mation at the suture lines. 





PATENCY OF AUTOGENOUS VEIN GRAFTS 


Fic. 5. Three-day postoperative 
venogram demonstrated venous 
occlusion of the graft in Fig. 4. 





anastomosis, traction on the venous suture line was 
avoided in contrast to the usual traction applied in com- 
pleting an arterial anastomosis, This prevented narrow- 
ing at the suture line, which if present was unacceptable 
and indicated revision. 

The other important factor reported was that veno- 
graphic study or pathologic examination of the graft 
itself was essential during the first two to three weeks 
after grafting to eliminate an improved patency rate 
secondary to late recanalization of a previously throm- 
bosed graft. DeWeese and Niguidula® reported a 55% 
patency rate for vein grafts in the canine femoral vein 
14-21 days following operation. Their patency rate im- 
proved to 100% 8 weeks following operation. Dale? con- 
firmed this point in canine femoral vein grafts reporting 
one patency in seven grafts in the immediate postopera- 
tive period. Recanalization resulted in a patency rate of 
100% during the subsequent postoperative follow-up. 





Fic. 6. Six weeks postoperatively, this venogram demonstrated 
recanalization of the occluded vein graft in Fig. 5. 


776 


A few reports have suggested improvement in femoral 
vein graft patency with heparinization.# 57117” Baird“ re- 
ported an improved immediate postoperative pa œncy 
followiyg the use of heparin but delayed thrombosis still 
resulted in reduced patency rates. From the resu ts of 
the present study, heparin offered no improvement in 
the postoperative patency rate. Complication rates eculd 
be high with the use of heparin in elective venous re- 
construction, and its use in patients suffering from mnlti- 
ple trauma is contraindicated. Although no major com- 
plications occurred in this series, the use of hearin 
following venous grafting was not beneficial. 

The use of dextran 40 in venous reconstruction was 
dependent upon its known anti-thrombogenic effec and 
its capability for improving microcirculation.’ Schwartz 
and associates!’ measured increased femoral venous dow 
in normovolemic dogs following dextran 40 administra- 
tion. Although these results were not analyzed stct-sti- 
cally, this tendency for increased venous flow ofered 
further support for the use of dextran 40. Eadie and 
de Takats’ improved their control] patency rate fcr fe- 
moral venous autografts from 8.3% to 58% with dextran 
70. However, their study did not include an evaluvion 
of the effects of dextran 40. While the patency rate ii the 
dextran 40 groups was not significantly superior te the 
control of heparin groups, the theoretical benefics of 
dextran 40 are particularly applicable to venous recon- 
struction. Postoperative complications from dextran 40 
are rare! and are related to the rate of administrvion 
and the use of higher molecular weight products. In 
the present study, the 100% patency after dextran 40 
supports our inclination to recommend its use following 
venous reconstruction. 

Although the use of a distal arteriovenous fistul for 
maintaining vein graft patency has been reported from 
this institution,'? the overall patency rate was not superior 
to the rate reported in this series. Patency rates for all 
groups improved after the third postoperative dav. If 
patency of the vein graft was maintained throug} this 
critical period continuous patency resulted. 


Summary 


The use of heparin and dextran 40 was evaluated in 
a study of the patency of autologous vein grafts ia the 
canine femoral vein. The postoperative patency rate in 
42, venous grafts was evaluated by venography. Pa-ency 
was improved to 100% with postoperative dextran 40 
but the difference was not statistically significant No 
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improvement in patency was seen with heparin at the 
critical three day interval. The overall patency rate was 
83% three days following operation. Recanalization re- 
sulted in an improved patency rate of 97% six weeks 
following operation. The importance of precise and 
meticulous operative technique is stressed. 
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ECEE Duct Lymph Flow and Acid Phosphatase Response 
to Steroid in Experimental Shock 


URING SHOCK, lymph return to the general circula- 
tion via the thoracic duct has been shown to be an 
important step in blood volume restoration and cardio- 
vascular compensation.’* Theoretically, any pharma- 
cologic agent which augments lymph flow during shock 
should be of benefit in helping reduce the pathophysio- 
logic changes that occur from shock stress. Since pro- 
teolytic enzymes released from lysosomes during shock 
gain access to the general circulation primarily via the 
thoracic duct lymph,*?°1117 augmented lymph flow 
might expose body tissue to the deleterious effects of 
these enzymes. 

Ideally, a substance which increases thoracic duct 
lymph flow without increased lysosomal enzyme con- 
tent should have therapeutic meritin the treatment of 
shock states, Since glucocorticoids: have a direct ino- 
trophic action on the heart,** increase cardiac output 
and reduce peripheral resistance, ,15,21,23 then an increased 


* lymph flow might be expected with their use during 


shock, At the same time, since steroids stabilize lysosomal 


membranes, 18.82.44.45 then high concentrations of enzymes 


released into the thoracic.duct lymph might be avoided. 

The present study was undertaken to determine the 
effectiveness of the steroid, methylprednisolone, on the 
thoracic duct lymph flow and lysosomal enzyme acid 
phosphatase in experimental canine hemorrhagic, endo- 
toxic, and cardiogeneic shock states. 


Methods 


Fasted and splenectomized mongrel dogs weighing 
between 15 and 25 kgs. were lightly anesthesized with 
intravenous penflobarbital NA (25 mgm/kg), and anti- 
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kg). Ventilation through a cuffed endotracheal tube with 
a constant volume and rate was by means of a Harvard 
pump respirator. Temperature was maintained by a 
heating blanket and at 37°C monitored by an esophageal 
thermistor probe. Femoral artery pressure was recorded 
on a Sanborn polygraph recorder through a pressure 
transducer connected to a #16 Jelco indwelling arterial 
needle. Intravenous normal saline was administered at 
a rate equal to the blood removed for sampling. The 
cervical thoracic duct was canulated and lymph collected 
in graduate tubes with flow expressed as milliliters per 
15 minutes per period. All lymph removed was replaced 
with an equal volume of normal saline to prevent cir- 
culating volume depletion. 

Arterial acid phosphatase concentration was deter- 
mined initially and at hourly intervals. Lymph acid 
phosphatase concentration was determined initially and 
at hourly intervals and multiplied by the volume collected 
during the interval to yield total enzyme content per 
unit time and then reported as total content per 15 
minutes. ' 

Shock was induced in the three representative groups 
as follows: 

Group I: Hemorrhagic Shock. In 12 dogs, after a 
suitable control period, mean arterial blood pressure 
was reduced to 40 mm Hg by bleeding via an inferior 
vena cava catheter into acid citrate dextrose vacuum 
bottles at a rate not to exceed 50 cc per minute. The 
pressure was maintained at this level for 4 hours after 
which all shed blood, warmed to 37°C and buffered to a 
pH 7.3-7.4, was returned. The animals were studied 
for an additional one hour. 

Group II: Endotoxin Shock. Following a suitable cori- 
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TABLE 1. 


RESPONSE TO STEROID IN EXPERIMENTAL SHOCK 


°° 
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Acid Phosphatase and Lymph Flow 


(Mean Values) 


No Steroids 





° Serum Lymph 
Time Acid Phos. Acid Phos. 
(mU/ml) (mU /15 min. 
Hemorrhagic C 2.42 + 0.19 10.8 + 0 
Shock 1 4.84 + 0.22 942 0 
2 4.55 + 0.25 21.0 = 1. 
3 7.27 + 0.42 40.2 + 2. 
4 8.69 + 0.39 1.5 a 4. 
5* 14.34 + 0.93 te 6, 
Endotoxic E 2.85 + 0.30 1.3 & 0. 
Shock 1 4.87 + 0.27 59.0 + 2. 
2 6.43 + 0.33 75.6 = 5. 
3 8.16 + 0.41 72.7 = 4. 
4 8.46 + 0.40 134.5 = 11. 
5 9.09 + 0.87 146.9 = 11. 
Cardiogenic & 1.82 + 0.19 12.1 Æ 0 
1 3.13 + 0.20 28.3 + 1 
Shock 2 5.56 + 0.27 27.8 = 1. 
3 12.12 + 0.85 56.0 = 3. 
4 18.18 + 0.91 161.6 + 5. 
5 23.23 + 0.97 149.9 — 4. 
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Steroids 
Lymph Serum Lymph Lymph 
Flow Acid Phos. Acid Phos. Flow 
(mU/ml) (mU/15 min.) 
63 2.69 + 0.20 11.0 + 0.6 .59 
36 4.44 + 0.19 31.1 + 2.3 .49 
32 5.39 + 0.27 38.4 + 2.1 | 
EEE 5.92 + 0.25 54.8 + 2.8 Eyi 
Al 6.03 + 0.30 67.9 + 4.1 . 59 
86 7.42 + 0.42 149.1 + 8.3 a i | 
oY 3.16 + 0.41 11.9+ 0.6 60 
1.25 6.77 + 0.37 111.5 + 9.7 1.20 
1.05 9.47 + 0.58 130.5 + 10.1 1.00 
93 13.33 + 0.72 93.5 + 8.7 .90 
86 9.46 + 0.67 82.2 + 6.9 .90 
.90 8.42 + 0.42 68.2 + 6.0 85 
.65 2.22 + 0.18 10.54 0.5 62 
39 4.14 + 0.21 16.24 0.8 s99 
-22 5.55 + 0.28 57.0 + 2.6 | 
30 9.90 + 0.46 55.5 + 2.4 ae 
43 14.15 + 0.71 54.5 + 2.5 43 
39 15.87 + 0.80 50.5 + 2.1 24 





* 1 hour post retranfusion 


trol period, shock was induced in 12 animals by the 
intravenous injection of 1.75 mgm/kg of Escherichia coli 
endotoxin (Difco). The dogs were studied for 5 hours. 

Group III: Cardiogenic Shock. Using asternal splitting 
incision, shock was established in 12 surviving dogs by 
ligating the anterior descending branch of the left coro- 
nary artery just distal to its septal branches and as many 
branches of the posterior descending artery as necessary 
to produce and maintain a 30% or more reduction in 
mean arterial blood pressure. Episodes of ventricular 
fibrilation were converted with external defibrilation. 
The animals were studied for 5 hours. 

One half of the animals in each of the 3 shock groups 
received 30 mgm/kg of methylprednisolone intravenously 
30 minutes after shock was established. 

Serum and lymph acid phosphatase was assayed ac- 
cording to the colorimetric method of C. F. Boehrimger 
and Sons. Aliquots (0.2 milliliters) were incubated with 
0.0055 Mp-nitrophenylphosphate in 0.05 M citrate bufer, 
pH 4.8 at 37 degrees for 30 minutes. The values were 
corrected for hemoglobin content and expressed in milli- 
units (mU) per milliliter, 1 milliunit corresponding to 
0.06 millimole units according to Bessey-Lowry. 


Results 


Group I: Hemorrhagic Shock. Mean serum acid phos- 
phat&se concentration gradually increased to 359% above 
control values at 4 hours and further increased to 534%, 
one hour following retransfusion in untreated arimals 
(Table 1). In steroid treated animals serum acid paos- 


phatase concentration was only 224% at 4 hours and 276% 
after retransfusion (P = 0.01) (Table 1). In untreated 
animals lymph acid phosphatase content per 15 minutes 
increased to 842% at 4 hours of shock and to 1389% above 
control 1 hour after retransfusion (Table 1). Steroid 
treatment resulted in a reduction in lymph acid phospha- 
tase to 609% (P = 0.01) at 4 hours but did not influence 
the mean post reinfusion value which was 1355%. Lymph 
flow dropped to % of control values during shock and 
following retransfusion was augmented to 20% above 
control. In treated animals flow was maintained through- 
out shock and then increased 13% over control following 
return of shed blood. 

Group II: Endotoxin Shock. In the untreated control 
animals mean serum acid phosphatase concentrations 
rose progressively to 319% above pre-shock levels after 
5 hours of shock (Table 1). Steroid treated animals show 
a 26% rise over the same time period (P = 0.01). Lymph 
acid phosphatase content rose to 1299% above control in 
untreated animals. With steroid treatment peak elevation 
occurred at 2 hours, were 1095% and gradually declined 
to 593% at 5 hours (Table 1) (P = 0.01). Lymph flow 
was 219% above control at 1 hour post shock and only 
158% at 5 hours in untreated animals. Lymph flow in 
treated animals was similar with a 200% elevation 1 hour 
following shock onset and 142% at 5 hours (Table 1). 

Group III: Cardiogenic Shock. Mean serum acid phos- 
phatase concentration in untreated animals rose pro- 
gressively to 1122% above control after 5 hours of shock 
(Table 1). Steroid treatment resulted’ in reduction in 
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total elevation and 5 hour values were only 715% above 
pre-shock control levels (P = 0.01). Lymph acid phos- 
phatase behave similarly with 5 hour values in untreated 
animals being 1238% above control while treated animals 
had only a 480% elevation (P = 0.01) (Table 1). During 
shock, lymph flow in untreated animals was reduced by 
50 to 60 percent and remained decreased throughout 
the study period. Steroid treatment returned lymph 
flow to near normal which was maintained until the 5th 


hour of shock (Table 1). 


Discussion 


Clinical? 13.15.24.26.34.37,43 and laboratory?:5:16.18,19,29,36, 
40:42 studies have demonstrated a salutory effect of steroid 
on shock states but not without controversy.**~° Gluco- 
corticoids are known to have a direct inotropic effect on 
the heart,*°:4! increase cardiac output,** have an alpha 
adrenergic blocking action,®15.2%.35 promote peripheral 
vasodilations,’:?!:23 have a restorative effect on blood 
pressure,” ? complex endotoxin,*® and stabilize lysosomal 
membranes.18.32.44.45 In addition, studies have shown 
that the lysosomal enzyme acid phosphatase concen- 
tration in serum of canine experimental shock models is 
significantly reduced by the use of steroids.!2 However, 
the effect of steroids on thoracic duct lymph flow and 
lysosomal enzyme content has not been demonstrated. 

Previous investigations have shown the progressive 
rise in serum and lymph lysosomal enzyme acid phospha- 
tase during shock is primarily of intestinal and hepatic 
origin, is time related, results from anoxia,!:6-10.11.18,45 
and is an excellent index of cell stress,1:4:19.11.19.20,22 Iņ 
this study, the marked reduction in acid phosphatase 
values in treated animals, is further documentation of 
steroid ability to protect intestinal and hepatic cells 
from severe shock stress. The suppressive effect of 
steroids on acid phosphatase release is most likely re- 
lated not only to a stabilization of lysosomal membranes 
but to increased perfusion as well and, in the case of 
endotoxin shock, to binding of endotoxin. Since steroids 
were not administered until 30 minutes after the onset of 
shock, some cell damage had already taken place. This 
may explain why in the hemorrhagic shock group al- 
though intrashock enzyme levels were reduced by steroid 
treatment, post retransfusion lymph values were similar 
in both groups and most likely related to a “wash out” 
of sequested enzyme. Also, in the endotoxin group ani- 
mals, both serum and lymph enzyme values rose sharply 
after steroid administration again indicating a “wash out” 
phenomenon. 

During shock, the reduced tissue perfusion in the 
splanchnic area increases with time?! resulting in in- 
creased capillary permeability and translocation of fluid 
into the extra vascular space, particularly of liver and in- 
testine.?. 25.27.28.38 Administration of glucocorticoids was 
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associated with a mobilization of the sequestered fluid 
and return of lymph flow to normal in both the hemor- 
rhagic and cardiogenic shock animals. The improved 
flow may be the result of increased perfusion af well as 
a direct effect of steroids on cellular transmembrane po- 
tential causing stabilization of the sodium-potassium 
pump mechanism.’ The rapid rise in lymph flow in the 
endotoxin shock animals is related to an acute outflow 
block in the liver. Since treated endotoxin shock animals 
failed to demonstrate augmented lymph flow, it is postu- 
lated that steroids had no effect on the established out- 
flow block or on the already vasodilated splanchnic bed. 
Return of sequestered fluid and enzyme to the circula- 
tion in this group was most likely via improved trans- 
capillary refill and not via the lymphatics. 

This study further documents the beneficial effect of 
steroid on shock states. 


Conclusions 


1, Canine hemorrhagic, endotoxic and cardiogenic 
shock models were studied to determine the effect of 
steroids on the lysosomal enzyme acid phosphatase re- 
lease into serum and lymph and thoracic duct lymph 
flow. 

2. Administration of methyl prednisolone 30 minutes 
after onset of shock reduced the total accumulation of 
serum acid phosphatase by 50% in the hemorrhagic shock 
animal, by 60% in the endotoxic group and by 25% in 
the cardiogenic group. Lymph acid phosphatase content 
was similarly affected. 
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Blenoxane (sterile bleomycin sulfate) is an antineoplastic formulation of bleomycin, the 
basic glycopeptide antibiotic isolated from a strain of Streptomyces verticillus in 1962. Although 
the exact mechanism of the agent’s antitamor effect is not completely understood, it is associated 
with an inhibition of DNA synthesis, with some evidence of lesser inhibition of RNA and 
protein synthesis. Most of the clinical experience with Blenoxane reported to date has involved 
patients in advanced stages of cancer wLo had failed to respond adequately to other drugs or 
modes of therapy. Even in these cases, however, Blenoxane has often produced good results. 


@@ This antibiotic has the 
highest rate of activity in 
squamous carcinoma that has 


Evaluable Responses 


Squamous cell Head and neck 181 65 


| Larynx and paral_rynx 52 16 so far been found for any drug, 
. Cervix 69 12 
carcinomas Vulva 13 8 and thus offers hope of new 
sees Fr 7 clinical studies that can provide 
Skin 29 9 a basis for better therapy. 99 1 


1 / in selected Site Patients Number of 





@@ Perhaps more striking is 
the very high incidence of — 


2/ mselected |> Pace, Sue 





lymphomas 


3/ in selected 
testicular 
carcinomas 


Responses 
Hodgkin’s disease 116 49 
Reticulum cell sar: oma 29 11 
Lymphosarcoma 28 14 
Mycosis fungoides 9 5 


Type Patients Number of 





Evaluable Responses 


Embryonal cell 
carcinoma of the 
testes; treated with: 
bleomycin 29 13 
bleomycin plus vinblastine 13 10 
Choriocarcinoma cf the 
testes; treated with: 


bleomycin 7 2 
bleomycin plus vinblastine 4 3 
Teratocarcinoma cf the 
testes; treated with: 
bleomycin 12 4 
bleomycin plus ~inblastine 5 4 
Seminoma; treatel with: 
bleomycin 1 0 
bleomycin plus ~inblastine 1 1 


prompt responses seen in 
advanced Stage IV Hodgkin’s 
disease. @@ 2 


@@ insome tumors it appears 
to be as good as or even more 
efficacious than [previously 
available] chemotherapy.@® 3 


< 


- ... With no depressant effect on 
hematopoietic or immunosuppressive 


mechanisms to date 





@@ The absence of toxic effects on the 

hematopoietic system and of any immuno- 

S suppressive action is emphasized, as this 
gives the drug a special importance.9@ 3 


In the past two years, over 100 clinicians 
have investigated the therapeutic effects of 
Blenoxane (sterile bleomycin sulfate). Over 
1,300 patients have been treated in the major 
cancer care units in the United States. 
These studies have shown repeatedly that 
Blenoxane may be active against certain 
tumors generally insensitive to other 
available agents ; that it may enhance the 
results achieved with certain other 
chemotherapeutic agents ; and that it may 
be an effective adjunct to indicated surgical 
“ procedures and radiotherapy. 
They have also demonstrated the 
complete absence of immunosuppressive 
or adverse hematopoietic effects to date. 
Thus, Blenoxane may be potentially useful 
in combination with other agents, or in 
patients already exhibiting pancytopenia. 


1. Ohnuma, T., as reported in: J.A.M.A. 216 :415 
(Apr. 19) 1971. 

2. Krakoff, LH.: The present status of cancer chemo- 
therapy, M. Clin. North Am. 55:683 (May) 1971, 

3. Clinical Screening Cooperative Group of the European 
Organization for Research on the Treatment of Cancer, 
Brit. M.J. 2:643 (June 13) 1970. 
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However, these same studies clearly 
indicate that Blenoxane 1s far from an 
innocuous agent. Pulmonary toxicity, 
occurring as pneumonitis in about ten 
per cent of patients, has led to pul- 
monary fibrosis and death even when 
detected in the early stages. 

In addition, approximately half of the 
patients will exhibit some dermatolog- 
ical manifestations of therapy with 
Blenoxane. The skin reactions are 
usually characterized by erythema or 
hyperkeratosis—most often on the 
hands and elbows—and potentially 
progressive to ulceration. 

Consequently, the physician will 
recognize that the clinical use of an 
agent such as Blenoxane presupposes 
a thorough knowledge of its potential 
applications, pharmacology, toxicity 
and clinical record—subjects which 
cannot be adequately reviewed ina 
communication of this type. 

We urge those physicians who antici- 
pate a use for Blenoxane to consult the 
Bristol Laboratories Introductory 
Monograph for information currently 
available on therapy with Blenoxane. 
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WARNING. It is recommended that Blenoxane be administered 
under the supervision of a qualified physician experienced in tlie 
use of cancer chemotherapeutic agents. Since facilities for nee- 
essary laboratory studies must be available, hospitalization of 
patients is recommended. 

Pulmonary fibrosis-is the most serious toxicity with Blenoxane. 
(See “Adverse Reactions” section. ) 

In the treatment of each patient, the physician must weigh 
carefully the possibility of achieving therapeutic benefit with 
the risk of toxicity. 

In 1% of patients, a hypersensitivity reaction, similar to ana- 
phylaxis clinically, occurred, particularly in lymphoma patients. 
This has resulted in death. 

The reaction which may be immediate or after several hours 
delay, occurs only after the first or second dose. It consists of 
hypotension, fever, chills, mental confusion, and wheezing. 

Usage in Pregnancy—Safe use of Blenoxane in pregrmant 
women has not been established. Therefore the benefits to the 
patient should be weighed against the potential toxicity to fetus 
or embryo. 


DESCRIPTION. Blenoxane (sterile bleomycin sulfate) is composed 
of basic cytotoxic glycopeptide antibiotics isolated from a strain of 
Streptomyces verticillus. It is highly soluble in water. 

ACTION. Although the exact mechanism of action of Blenoxane is 
unknown, available evidence would seem to indicate that the main 
mode of action is the inhibition of DNA synthesis with some evidence 
of lesser inhibition of RNA and protein synthesis. 

In mice, high concentrations of Blenoxane are found in the skin, 
lungs, kidneys, peritoneum and lymphatics. Tumor cells of the skin 
and lungs have shown a strong affinity for Blenoxane in contrast to 
the lack of affinity of hematopoietic tissue. This selective affinity of 
the drug for different sites and cell types creates a better ander- 
standing of the therapeutic benefits and the toxicity of Blenexane. 

20 to 40% of an administered dose in humans is recovered in the 
urine as active bleomycin. . 

INDICATIONS. Blenoxane should be considered a palliative treat- 
ment and/or adjuvant to surgery and radiation therapy. It has been 
shown to be useful in the management of the following neoplasms: 

Squamous Cell Carcinoma—head and neck including mouth, 
tongue, tonsil, nasopharynx, oropharynx, sinus, palate, lip, buccal 
mucosa, gingiva and epiglottis; skin; larynx and paralarynx; penis; 
cervix; vulva. The response to Blenoxane is poorer in patients with 
head and neck eancer which has been irradiated previous to Blemoxane 
therapy. 

Lymphomas—Hodgkins, reticulum cell sarcoma, lymphosarcoma. 
It is of special note that most of the Hodgkins patients treated to 
date had disseminated disease (Stage IV) no longer treatable by 
bone marrow depressant agents. 

Testicular Carcinoma—embryonal cell, choriocarcinoma, and 
teratocarcinoma. Studies to date have revealed that the use of vin- 
blastine sulfate with Blenoxane increases the response rate of testic- 
ular tumors. 

Other— Blenoxane has been shown to produce responses in some 
renal carcinomas, soft tissue sarcomas, and in the prevention of 
pleural fiuid accumulation when administered intrapleurally. 
CONTRAINDICATIONS. Blenoxane is contraindicated in patients 
who have demonstrated a hypersensitivity to it in the past. 

The physician must weigh carefully the therapeutic benefit versus 

risk of toxicity which may occur. 
PRECAUTIONS. Blenoxane should be administered preferably to 
patients who are hospitalized and who can be observed carefully and 
frequently during and after therapy. It should be used with extreme 
caution in patients with significant impairment of renal function or 
compromised pulmonary function due to disease other than mlig- 
naney. 

To monitor the onset of pulmonary toxicity, roentgenograms of the 

chest should be taken every 1 to 2 weeks. If pulmonary changes are 
noted, treatment should be discontinued until it can be determined 
whether the cause is drug related. Pneumonitis due to Blenoxane 
should be treated with corticosteroids in an effort to prevent progres- 
sion to pulmonary fibrosis. Infectious pneumonitis should receive 
appropriate antibiotic therapy. 
ADVERSE REACTIONS. Skin—Skin changes were the most fre- 
@uent side effect occurring in approximately 52.3% of treated pa- 
tients. These consisted of mouth ulcers, alopecia, hyperpigmentation, 
thickening, ulceration, redness, hyperkeratosis, nail changes, tash, 
vesiculation, tenderness, pruritus, hyperesthesia, peeling, stria, and 
bleeding. In only 0.2% of treated patients was it necessary to discon- 
tinue Blenoxane therapy because of skin toxicity. 
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Skin toxicity was a relatively late manifestation developing usu- 
ally in the 2nd and 3rd week of treatment after 150 to 200 units of 
Blenoxane (sterile bleomycin sulfate) had been administered and, 
in general, was related to total cumulative dose. 

Pulmonary—This is potentially the most serious side effect, occur- 
ring in approximately 10% of treated patients. The most frequent 
manifestation is pneumonitis occasionally progressing to pulmonary 
fibrosis which may result in death. Approximately 1% of patients 
treated died of pulmonary fibrosis. An analysis of the data revealed 
that pulmonary toxicity is usually both dose and age related, being 
more common in patients over 70 years of age receiving over 400 
units total dose. However, this toxicity is unpredictable and has been 
seen occasionally in young patients receiving low doses. 

The identification of patients with pulmonary toxicity due to 
Blenoxane has been extremely difficult. The reason for this is the 
lack of specificity of the clinical syndrome, the x-ray changes and 
even the tissue changes seen on examination of biopsy and autopsy 
specimens. 

Blenoxane-induced pneumonitis apparently produces dyspnea and 
fine rales that are in no way different from those produced by infec- 
tious pneumonias, or the signs and symptoms produced by primary 
or metastatic lung disease in some patients. 

On x-ray, Blenoxane-induced pneumonitis produces patchy opaci- 
ties, usually of the lower lung fields, that look the same as infectious 
bronchopneumonia or even lung metastases in some patients. 

The microscopie tissue changes due to Blenoxane toxicity are 
frequently present as bronchiolar squamous metaplasia, reactive 
macrophages, atypical alveolar epithelial cells, fibrinous edema, and 
interstitial fibrosis. The acute stage may involve capillary changes 
and subsequent fibrinous exudation into alveoli producing a change 
similar to hyaline membrane formation and progressing to a diffuse 
interstitial fibrosis resembling the Hamman-Rich syndrome. 

These microscopic findings are non-specific and are similar to the 
changes produced in radiation pneumonitis, pneumocystie pneumo- 
nitis, and at times reaction to long-standing malignant pulmonary 
disease. 

Serial pulmonary function tests in 156 patients receiving Blen- 
oxane therapy revealed some demonstrable alteration in approxi- 
mately 20%. The most common changes were a decrease in total lung 
volume and a decrease in vital capacity. However, no predictive cor- 
relation between these changes and the development of pulmonary 
fibrosis could be ascertained. 

Other—Fever, chills, nausea, and vomiting were also frequent side 
effects. Pain at tumor site, phlebitis, and other local reactions were 
reported infrequently. 

Toxicity to the renal, hepatic, and CNS may occur at any time 
after initiation of therapy and, as with any potent drug, these sys- 
tems should be monitored. 

It is noteworthy that there has been no evidence of bone marrow 
or immunological depression to date. This is contrary to the currently 
available antineoplastic drugs. 

Anorexia and weight loss are common and may persist long after 
termination of this medication. Since these signs and symptoms occur 
with malignancy, it may be difficult to evaluate the role of Blenoxane. 
DOSAGE. The following dose schedule is recommended: Squamous 
cell carcinoma, lymphosarcoma, reticulum cell sarcoma, testic- 
ular carcinoma—().25 to 0.50 units/Kg. (10 to 20 units/ M?) given 
intravenously or intramuscularly weekly or twice weekly. 

Hodgkins Disease—0.25 to 0.50 units/Kg. (10 to 20 units/ M2) 
intravenously or intramuscularly weekly or twice weekly. After a 
50% response, the maintenance dose of 1 unit daily or 5 units weekly 
intravenously or intramuscularly should be given. 

Because of the possibility of anaphylaxis, all lymphoma pa- 
tients should be started with 5 units or less for the first 2 doses. 
If no acute reaction occurs, then the regular dosage schedule 
may be followed. 

Toxicity of Blenoxane appears to be dose-related with a 
striking increase when the total dose is over 400 units. Total 
doses over 400 units should be given with great caution. 

Hodgkins and testicular improvement are prompt and noted within 
two weeks. If no improvement is seen by this time, chances of im- 
provement are very low. Squamous cell cancers respond more slowly, 
sometimes requiring as long as three weeks before improvement is 
noted. 

ADMINISTRATION. Blenoxane may be given by the intramuscular, 
intravenous, intra-arterial, or subcutaneous routes. 

Intramuscular or Subcutaneous—Dissolve the contents of a 
Blenoxane ampule in 1 to 5 ml. of Sterile Water for Injection, U.S.P., 
Sodium Chloride for Injection, U.S.P., or 5% Dextrose in Water. 

Intravenous or Intra-arterial—Dissolve the contents of the am- 
pule in 5 ml. or more of a solution suitable for injection, e.g., phy- 
siologie saline or glucose, and administer slowly over a period of ten 
minutes. 

SUPPLY. Each ampule contains 15 units of Blenoxane as sterile 
bleomycin sulfate. NDBC-0015-3010. 
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BALLINGER, RUTHERFORD & ZUIDEMA: Management of Trauma — New 2nd Edition 


System-by-system analysis of injuries, with new chapters on tracheostomy, initial 
managemera of fractures and joint injuries, genitourinary trauma, fractures of the lower 
extremities, wound sepsis. Insights from Viet Nam added to coverage of arterial injuries. 


Edited by Walter F. Ballinger, IL M.D., Bixby Prof. of Surgery and Head of the Dept. 
Washington Univ. School of Medicine; Robert B. Rutherford, M.D., Assoc. Prof. of Surgery, 
Univ. of Colo ado School of Medicine; and George D. Zuidema, M.D., Firor Prof. and Director, 
Section of Sergical Sciences, Johns Hopkins Univ. School of Medicine. 39 contributors. 795 
pp., 296 figs. About $26.00. Just ready. 


SHIRES, CARRICO & CANIZARO: Shock — Major Problems in Clinical Surgery, 13 


Timely insignts into the management of shock resulting from severe bodily injury. Hypo 
volemic, Camdiogenic, neurogenic, and septic shock are analyzed in terms of fluid and 
electrolyte nanges, renal response, pulmonary response, and oxygen transport. 


By G. Tom Sires, M.D., Prof and Chairman; Charles J. Carrico, M.D.. Assoc. Prof.: and Peter 
C. Canizaro, M.D., Assoc. Prof.; all of the Dept. of Surgery, Univ. of Texas Southwestern 
Medical Schcol at Dallas. 166 pp. Illustd. $9.50. September 


HILL: Outpatient Surgery 


Today's tecniques complement traditional concepts of outpatient care in this coverage 
of all surgic@ specialties. Includes conditions amenable to 24-hour release, and procedures 
such as herrvorrhaphy, saphenous vein surgery, lung biopsy, cervical cone biopsy. 


Edited by George J. Hill, IL M.D., Prof. of Surgery, Washington Univ. School of Medicine 
About 1080 po., 780 figs. About $27.50. Just Ready 


CHASE: Atlas of Hand Surgery 


Special emphasis on restorative reconstructive Surgical techniques, with hundreds of 
drawings. Cescribes osteotomy, metacarpal transfers, bone grafting, joint fusion, 
managemen of common fractures, amputations and more. 


By Robert A. Chase, M.D., Emile Holman Prof. of Surgery and Chairman of the Dept., Stanford 
Univ. Scnool >f Medicine. About 440 pp., 300 figs. About $32.50. Just Ready 


MIEHLKE: Surgery of the Facial Nerve — New 2nd Edition 


Reflects scientific and surgical progress of the last decade with operative techniques for 
restoration cf the facial nerve damaged by trauma or disease. Full-color plates illustrate 
many techniques, including those for paralysis due to injury. 


By Adolf Miehlke, M.D., Gottingen, with Ugo Fisch, M.D., Zurich. Translated by Lorenz S 
Michaelis, MD., London. 281 pp. 151 figs. 23 color plates. $45.00. August. 
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In 16 years of use in the United States, 
FLUOTHANE (halothane) has been ad- 
ministered over 100 million times ina wide 
variety of surgical procedures. 100 million 


| a. extensive usage and evaluation that ` 
= attests to FLUOTHANE as the most widely 
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used inhalant anesthetic. . 
Since it was first introduced, over 
4,000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 
a bibliographic record of note onthe most 
widely used inhalant anesthetic. 
Inacontinuing program of informa- 
tional services on anesthesiology, Ayerst 
provides printed and audiovisual aids 
reflecting the opinions and experiences of 
recognized authorities in the field. These 
include the highly regarded series on 
Anesthesia Rounds and Clinical Aspects of 
Anesthesiology, as well as several films of 
educational value—all available through 


® your Ayerst Representative. 


(HALOTHANE) 


MILLION 


ADMINISTRATIONS 


e nonflammable, nonexplosive 


@ permits use of high concentrations of 
oxygen 

@ allows free use of cautery for more 
adequate control of bleeding 


@ minimal odor facilitates smoottf, rapid 
induction, reduces patient distress 


è early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 


è lessens airway problems 


è permits rapid adjustment of depth of 
anesthesia 


@ emergence is rapid and tranquil with 
quick recovery of protective reflexes 


e minimal nausea and vomiting, shorter 
recovery room stay 


| Avers | See last page of advertisement 


FLUOTHANE 


brand of halothane 
the most widely used 


inhalant anesthetic 


"from 


for precision, experience, 
quality, and service 





(Complete text of package circular.) 

Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-l, 1, 1-trifluoroethane 
and has the following structural formula: 


F Br 





F C—C Cl 
ri 


F H 


The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° C.-51° C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/ gas coefficient is 2.5 at 37° C., and 
the olive oil/ water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
FLUOTHANE is soluble in rubber, some 
plastics, and similar materials; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stabil- 
ity of FLUOTHANE is maintained by the 
addition of 0.01 per cent thymol (w/w), 
and storage is in amber colored bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizing bottles not specifically 
designed for its use. It is recommended 
that vaporizers be emptied at the end of 
each opgrating day. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 


rapidly alte ed. FLUOTHANE progres- 
sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions o dinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atrepine may reverse the brady- 
cardia. FLUQTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. F_UOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac amrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm , AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents: FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated fo the induction and mainte- 
nance of gemeral anesthesia. 
Contraindicetwons. FLUOTHANE should 
be avoided when a previous exposure was 
followed by ever and jaundice, or when 
there was am unexplained postoperative 
fever. 

FLUOTHANE is not recommended for 

obstetrical anesthesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should be used in 
vaporizers thet permit a reasonable ap- 
proximation of output, and preferably of 
the calibrated type. The vaporizer should 
be placed ott of circuit in closed circuit 
rebreathing 3ystems; otherwise overdos- 
age is diffizult to avoid. The patient 
should be cosely observed for signs of 
overdosage, -€., depression of blood pres- 
sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. 

Usage in Pregnancy: Safe use of 
FLUOTHANE nas not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potentia benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnormal- 
ities involvinz liver dysfunction, including 
a history of viral hepatitis, may be a 
basis for selecting an anesthetic other 
than a halogenated agent. 


The uterine relaxation obtained with 
FLUOTHANE, unless carefully controlléd, 
may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordin- 
arily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesiasince 
their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 


Ayerst. AYERST LABORATORIES 
“| New York, N.Y. 10017 


FLUOTHANE® (halothane) is available 
in the United States by arrangement with . 
Imperial Chemical Industries Ltd. 7317 
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JUL Siw ALULEALIV II 


a case history: 
bowel inflammation, surgery 


Management of medical-surgical problems fre- 
quently requires a multifaceted approach—each 
facet contributing to the patient’s outcome. The 
following case history demonstrates the allied 
roles of surgical managemen: and sound nutri- 
tional support. 


The patient: A 22-year-old petient suffered four 
prolonged episodes of abdominal cramps, fre- 
quent loose stools and weight loss because of 
Crohn’s disease of the ileum znd colon. Conser- 
vative management was unsuccessful. 


Surgical treatment: Subtotal colectomy. small 
bowel resection and ileosigmoidostomy were 
performed as well as drainage of a pelvic ab- 
scess and drainage of an ischiorectal abscess. 
A few days later, the ileum perforated proximal 
to the anastomosis and was >xteriorized as an 
ileostomy and mucous fistula. 


Postsurgical course: The incision became in- 
fected. A colocutaneous fistula developed. Con- 
ventional feedings caused severe abdominal 
cramps, ileostomy output of 3 to 5 liters per day, 
and profuse drainage from the mucous fistula. 
The wound showed no evidence of granulation. 
The patient developed fever, hypotension and 
tachycardia. 


Nutritional management: Ov2r a four year pe- 
riod the patient’s nutritional status had deteri- 
orated. The GI disorders and sibsequent surgery 
caused substantial loss of we ght, both fat and 
body cell mass. The patient experienced chronic 
starvation and was unable t meet increased 
metabolic needs. The patient could not be main- 
tained on conventional diets. 


After correction of hypovolemia, I.V. hyperali- 
mentation was started. This was replaced 13 
days later with tube feedings of a high nitrogen 
elemental diet (using a #8 nasogastric tube) 





wey WA pw VR Yn Y SMA A Aw ULES ee ee 


pase kg E et aa 


| grams of nitrogen per day for the next 60 days. 


Outcome: Good surgical results, as evidenced. 


| by closure of the colocutaneous fistula and re- 
_ duced ileostomy output, was supported through 
; an improved nutritional state. The patient’s 








_ weight increased from 97 to 1074 pounds. The 


patient was discharged on a conventional low 


_ residue diet supplemented with a standard ele- 
' mental diet. 


Nutrition to meet 
a challenge 


Vivonex High Nitrogen and Vivonex Standard 
provide balanced elemental nutrition with no 
indigestible matter. 


Both consist entirely of the essential nutrients: 
pure amino acids, simple carbohydrates, vita- 
mins, minerals and a small amount of essential 
fat... all rapidly and completely absorbed in the 


upper small intestine. 


Both are free of whole protein, peptides and 
peptones...free of milk and milk by-products. 


Vivonex High Nitrogen is the only oral hyper- 


alimentation. It helps restore positive nitrogen 


balance; helps prevent protein wastage. 








Vivonex Standard is supplied in boxes containing six 
80-gram packets providing 1800 Calories, 5.88 grams 
of useable nitrogen (equivalent to 36.75 grams of use- 


_ able protein) and a full day’s balanced nutrition. It 


is now available unflavored (may be flavored to each 
patient’s taste; ideal for tube feeding), and in the six 
original palatable flavors: Orange, Vanilla, Grape, 
Chocolate, Strawberry, Beef Broth. 


Vivonex High Nitrogen is supplied in boxes containing 


_ ten 80-gram packets of unflavored water-soluble pow- 


der providing 3000 Calories, 20 grams of useable 
nitrogen (equivalent to 125 grams of useable protein) 
and a full day’s balanced nutrition, including the 
Recommended Daily Allowances of vitamins and 


- minerals. 


Please note: Information on Vivonex usage and pre- 
cautions accompanies the product and should be re- 
viewed before use. 


Standards for the new kind of nutrition 


VIVONEX STANDARD 


the original >hemically defined elemental standard food/soluble powder 


VIVONEX HIGH NITROGEN 


the only chemically defined elemental high nitrogen food/soluble powder 





® Originators of chemically defined diets 
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LTHOUGH POSTOPERATIVE ILEUS is a well-defined clini- 
A cal entity, the lack of techniques suitab.e for objec- 
tive measurement of gastrointestinal propulsion in man 
have led some investigators to question the 2xistence of 
paralysis of motility; the mechanisms of production of the 
syndrome remains undefined. In dogs, intestiral exteriori- 
zation for 30 minutes slows gastric emptying and the 
postoperative delay in gastric emptying can be prevented 
by sympathetic blockade with bretylium.!® Peridural, 
spinal or lumbar anesthesia and section or pharmacologi- 

cal blockade of sympathetic nerves have also been re- 
ported to reverse or r prevent development >f gastroin- 
testinal ileus.^142227 In the present study, sympathetic 
neuronal function and motor activity of the gastrointes- 
tinal tract during the postoperative phase was assessed 
directly by measurement of norepinephrine-'-C svnthesis 
from tyrosine-""C and propulsion of a *!Cr test meal, The 
effects of pretreatment with 6-hydroxydopamine (6- 
OHDA) on surgical induction of paralytic ileus was also 
examined. 


Materials and Methods 


All animals used in the experiments were male 
Sprague-Dawley rats weighing 180-200 grams 

Evaluation of Gastrointestinal Propulsion. Groups of 
30 animals were fasted for 48 hours before each experi- 
ment, but had free access to water. Under light ether 
anesthesia, 2 ml of a liquid test meal containing 0.15 pe 
of *'Cr as sodium chromate and 100 mg of phenol red 
per 100 ml of 2% dextrose was introducel1 into the 
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Postoperative Ileus in the Rat: 
Physiopathology, Etiologyand Treatment 


ANDRE DUBOIS, M.D., VIRGINIA K. WEISE, 
IRWIN J. KOPIN, M.D. 


Laboratory of Clinical Science, 
National Institute of Mental Health, 
Bethesda, Maryland 20014 


stomach by gastric intubation. The animals recovered in 
about one minute and were then returned to their cages 
without access to water. At various times after introduc- 
tion of the test meal (10, 20 or 30 minutes), the animals 
were killed by a blow on the head. The abdomen was 
rapidly opened, and a ligature was placed around the 
lower esophagus, the pylorus and the ileo-caecal valve, 
in situ. The stomach and small intestine were then re- 
moved, and the latter was divided into 2 equal portions. 
The stomach and proximal and distal small intestinal por- 
tions, with their contents, were each placed into counting 
tubes, and radioactivity was measured in an Auto Gamma 
Counter. The total radioactivity found in the 3 parts of 
the digestive tract was equal to the administered dose. 
During the time of observation, the colon did not contain 
any °'Cr, The amounts of *'Cr present in stomach and 
proximal and distal small intestine were expressed as a 
percent of the total dose. The slope of the regression line 
for the exponential decline of °'Cr in the st®mach was 
calculated using the method of least squares. 

Production of Ileus. Twelve to fourteen hours before 
receiving the test meal, groups of 15 animals were sub- 
jected to laparotomy under pentobarbital anesthesia (50 
mg/kg, i.p.). The small intestine and colon were exterior- 
ized and wrapped in a sterile drape for 30 minutes; the 
intestines were then replaced in the abdomen and the 
peritoneal cavity closed with a continuous suture, At the 
time of sacrifice (12-14 hours after closing the abdomi- 
nal cavity ), no inflammation was observed. 

Chemical Sympathectomy with 6-OHDA. Forty-eight 
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hours before sacrificing the animals, groups of 16 mats 
were injected intravenously with 150 mg/kg of 6-OHDA. 

Measurement of Norepinephrine Synthesis In Vwo. 
Formatien of norepinephrine-"'C from intravenously in- 
jected L-tyrosine-U-"C (374 me/mM; 50 pe/animal ) Was 
used to assess the rate of catecholamine synthesis. Cne 
hour After receiving the labeled amino acid, the rats were 
killed by a blow on the head. The heart, stomach, sn all 
intestine and colon were rapidly removed, emptied of 
their contents, rinsed and blotted dry, frozen on dry ice 
and stored at —20°C. Within one week, the tissues wre 
thawed, weighed and homogenized in ice cold 0.8 N 
perchloric acid. After centrifugation, the radioactivity in 
an aliquot of the clear supernatant was measured by 
liquid scintillation spectrometry. Catecholamines in he 
remainder of the supernatant were purified by abscup- 
tion on alumina at pH 8.6 and subsequently eluted with 
8 ml of 0.2 N HCl. After adjustment of pH to 2.5 with 
NaOH, the alumina eluates were poured onto Dowex-50 
columns for separation of norepinephrine, Labeled ameno 
acids were eluted with 10 ml 0.1 M potassium phosphate 
buffer, and norepinephrine was subsequently recove-ed 
in 10 ml of 1 N HCl. Endogenous norepinephrine in -he 
eluate was measured using a fluorimetric technique mvd- 
ified from Hiaggendal.”® 

After addition to 18 ml of a solution composed of 33% 
Triton X-100. 64% toluene and 3% liquifluor (New Eag- 
land Nuclear, Boston, Massachusetts), the C'* conten” of 
2-ml aliquots of the eluate containing norepinephrine was 
measured by liquid scintillation spectrometry. Correction 
for efficiency of assying 'C was made using an intemal 
standard. 

Fluorescence Microscopy was performed on portions 
of the stomach and proximal and distal small intestine of 
control and 6-OHDA-treated animals according to the 
technique of Falck, et al.” 

Statistics. The significance of the variations betw2en 
pairs of experiments was analyzed using Student's t-test. 


Results 


Gastrointestinal Propulsion, During the 10-minute in- 
terval follewing introduction of the test meal, the “Cr 
content of the stomach decreased rapidly and therea-ter 
declined more slowly and exponentially with time. In 
each group of animals, the course of gastric emptying 
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was described by the *'Cr content of the stomach found 
ten minutes after the test meal (Table 1) and the rate 
constant for the subsequent exponential decline in °'Cr 
content of the stomach (Fig. 1, Table 1). As gastric 
emptying proceeded, *'Cr passed into the proximal small 
intestine and then into the distal portions of the small 
intestine (Fig. 2A). Thus, *'Cr content of the proximal 
small intestine remained relatively constant during the 
ten- to 30-minute interval after introduction of the test 
meal. The ®'Cr content of the distal small intestine in- 
creased progressively as the nonabsorbed contents of the 
test meal accumulated (Fig. 2A); the °'Cr was not passed 
on to the colon. 

In operated animals, gastric emptying was delayed 
(Fig. 1, Table 1). The *'Cr leaving the stomach of op- 
erated animals accumulated in the proximal small in- 
testine and, in the first 30 minutes after the test meal, 
only negligible amounts of the radioactive label reached 
the distal small intestine (Fig. 2B). 

After chemical sympathectomy with 6-OHDA, which 
had caused a marked depletion in catecholamine con- 
tent of the tissues (see below), initial gastric emptying 
was accelerated as indicated by a diminished content of 
51Cr in the stomach at ten minutes. In unoperated 6- 
OHDaA-pretreated animals, however, both the rate of 
gastric emptying ten to 30 minutes after administration 
of the test meal and intestinal motility remained un- 
changed (Figs. 1 and 2C). Two days after intravenous 
administration of 6-OHDA, laparotomy failed to alter sig- 
nificantly either the rate of gastric emptying (Fig. 1) or 
the rate of "1Cr accumulation in the distal small intestine 
(Fig. 2D). 

Endogenous Norepinephrine. Probably as a result of 
edema, the wet weight of the digestive tract of operated 
animals was slightly elevated; the catecholamine content 
is therefore expressed in ng/organ. The norepinephrine 
content in the heart and in the different parts of the di- 
gestive tract is presented in Table 2. The surgical pro- 
cedure did not appear to alter significantly the concen- 
trations of norepinephrine in stomach, small intestine, 
colon or heart. Two days after intravenous administra- 
tion of 6-OHDA, the norepinephrine stores in the di- 

estive tract were reduced to 20% of their initial value 
and to 10% of normal in the heart. 

Fluorescence Microscopy. After treatment with 6- 


Effect of Operation and/ar Chemical Sympathectomy on Gastric Emptying 














% of Administered ®'Cr 
Remaining in Stomach 


Ten migutes after feeding Untreated 
(mean + SEM) 6-OHDA 
Rate constant for decline Untreated 
(+SE to the slope) 6-OHDA 








Unoperated Operated 
48.9 + 4.5 69.9 + 2.7** 
33.9 + 4.6" 29.3: ae 5.1" 


—0.0199 + 0.0046* 
—0.0330 + 0.0138 


—0.0418 + 0.0078 
—0.0408 + 0.0129 


* p < 0.05 and **p < 0.001 when compared to untreated, uacperated animals. 


OHDA, the rich adrenergic innervation of the Auerbach 
and Meisner plexus of the gut and the perivascular end- 
ing (Fig. 3a) appeared to be completely absent (Fig. 
3b). In contrast, serotonin-containing enterochromaffin 
cells of the mucosa remained unchanged after chemical 
sympathectomy. 

Norepinephrine-"'C Synthesis from Tyrosine-1'C, In 
animals subjected to abdominal surgery, the amount of 
norepinephrine-"'C present in the digestive tract one 
hour after intravenous administration of tyrosine-!*C 
was increased (Fig. 4). Neither the total amount of “C 
found in tissues nor the amount of norepinephrine-C 
found in heart were altered during the postoperative 
period. The specific activity of norepinephrine was sig- 
nificantly increased in the stomach (p < 0.05), small in- 
testine (p < 0.001) and colon (p < 0.01) (Fig. 5); in 
the heart, no significant change was observed. In 6- 
OHDA-treated animals, surgery did not appear to alter 
the content of norepinephrine-"“C in the digestive tract; 
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Fic. 1. Gastric emptying of normal rats © as compared to oper- 
ated (A), 6-OHDA-treated (@) and operated, 6-OHDA-treated 
(A) rats. ` 
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Fic. 2. Gastrointestinal propulsion of unoperated rats (A and C) 
as compared to operated rats (B and D); groups C and D re- 
ceived 6-OHDA two days before sacrifice. 


however, conclusions cannot be drawn from this observa- 
tion because of the small amount of radioactive norepi- 
nephrine found in the tissues. 


Discussion 


Since chromate ions are poorly absorbed by the di- 
gestive tract,”:'* the fate of orally administered Na®'!CrO, 
provides a useful means for assessing both the rate of 
gastric emptying of a test meal™!8 and the rate of pro- 
pulsion of intestinal contents.” The objection raised by 
Bloom? and Clarke® that 51Cr is partly absorbed onto the 
nonacid-secreting gastric mucosa of the stomach does not 
affect the results obtained in our study since differences 
produced by various procedures were examined. 

In rats, gastric emptying was most rapid during the 
first 10 minutes after administration of the test meal. 
When the curves describing gastric content were ex- 
trapolated to zero time, the apparent initial gastric 
content was less than the administered *'Cr: identical 
calculations made from data reported by Derblom’ yield 
similar results. The initial rapid gastric emptying might 
be a result of local irritation of the stomach during ad- 
ministration of the test meal, stress or the light ether 
anesthesia. It appears unlikely that the volume of the 
test meal (2 ml) might have had an influence since 
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TABLE 2. Influence of Surgery and/or Chemisa! Sympathectomy on Endogenous Stores of Norepinephrine 





Endogenous Norepinephrine (mg/Organ) + SEM 








Stomach PSI DSI Colon Heart 
Sanaa 
Untreated Control 248 + 11 458 + 10 393 + 11 362 + 11 344 + 9 
Operated 272 + 6 439 + 5 391 + 14 379 + 15 343 + 16 
6-OHDA Unoperated 434+ 4 89 + 8 722+ 5 + 9 33 + 4 
° Operated 48 + 5 83 + 3 68 + 6 75 + 10 35 + 3 











PSI = proximal small intestine; DSI = distal small intestine; 6-OHDA = 6-hydroxydopamine. 


similar initial rapid gastric emptying was found afte- 1-, I.O Umeart SEW) 
4- and 6-ml test meals (unpublished observations). The na Controls 
observed exponential decline with time of the °'Cr eon- ZZA Operated 


tent of the stomach is in agreement with previous s-ud- 
ies.1217 Gastric emptying and propulsion of *'Cr by the 
small intestine resulted in both relatively constant levels 
of *'Cr in the proximal portion and accumulation af “Cr 
in the distal portion of the small intestine. 

After abdominal surgery in rats, gastric emptying was 
delayed significantly; similar results have been reported 
in dogs.” It is likely that intestinal motility was depressed 
even more than gastric emptying since almost no *!Cr pao 
was found in the distal intestine of operated rats. Fost- 
operative inhibition of small intestinal smooth muscle 
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Fic. 4. Relative synthesis of norepinephrine-C!* from tyrosine-C' 
in the digestive tract and heart; control compared to operated 


rats (7P < 0.001). 


appears to interfere with the normal motile response of 
the intestine to distension. Several studies performed in 
different species, including man, have failed to demon- 
strate any postoperative depression of intestinal motility. 
These studies were based either on techniques in which 
quantification of the measurements is difficult (e.g. pro- 
pulsion of barium sulfate?! and gastrographin*! or record- 
ing of bowel sounds**) or based on interpretations of in- 
traluminal pressure measurements.” In the latter case, no 
actual estimation of propulsion is possible; also, the use 
of morphine analgesia in postoperative patients might 
induce a temporary increase of intestinal motility without 
any improvement of intestinal propulsion. In both man 
and dogs, however, postoperative alteration of electrical 
and mechanical activity of the intestine has recently been 
reported.” | 
The main causal mechanism of postoperative ileus is 
thought to be hyperactivity of the sympathetic nervous 
system, the activation of which is known to both decrease 
gastrointestinal propulsion and stimulate closure of 
sphincters. Sympathetic stimulation also induces splanch- 
nic vasoconstriction; in dogs, operation causes a marked 





Fic. 3. Fluorescence microscopic preparation of small intestinal 
wall. In untreated animals (a), adrenergic nerves surmund 
arterie® (A), Auerbach (AP) and Meissner plexus (MP) and decrease in intestinal blood flow.?* The hypothesis that a 


penetrate the circular muscle (CM). Enterochromaffin cells + EC) postoperative increase in sympathetic outflow to ‘the gut 


are within the mucosa. After chemical sympathectomy (b), only : | i si 
nerve preterminals (not shown here) and enterochromaffin cells explains both the depressed gastrointestinal motility and 


(EC) are observed. diminished blood flow is supported by'experiments in 
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which adrenergic blockade prevents or revers>s gastro in- 
testinal ileus.?!"22 In our experiments, chemical sympa- 
thectomy by administration of 6-OHDA two days before 
surgery markedly reduced tissue norepinephrine content 
and intramural adrenergic innervation. Pretreatment with 
6-OHDA also prevented the development of both gastric 
retention and impaired intestinal propulsion seen after 
surgery. The effects of chemical svmpathectomy on these 
symptoms suggest that sympathetic nerve terminals with 
intact stores of endogenous norepinephrine a-e essential 
for the induction of postoperative ileus. In a double- 
blind study in man, adrenolytic therapy begun 24 hours 
after surgery did not significantly diminish clinical ileus." 
The lack of effect of adrenolytic agents may be related to 
the time at which treatment is instituted. 

A causal relationship between adrenergic hyperactivity 
and post-operative ileus is not conclusively demonstrated 
by the observation that ileus can be prevented by sup- 
pression of sympathetic outflow to the digestive tract 
since decreased sympathetic activity increases gastro- 
intestinal propulsion in otherwise intact animals.” In 
6-OHDA-treated rats, there was more rapid ini-ial gastric 
emptying, but the subsequent rate of gastrointestinal pro- 
pulsion was not altered. In these animals, relaxation of 
the pyloric sphincter may account for the azcelerated 
initial gastric emptying. The level of sympathet c nervous 
system activity can be evaluated directly by determining 
the rate of synthesis of norepinephrine from tyrosine- 
4C 6 Increased norepinephrine synthesis has been ob- 
served after electrical stimulation of sympathet& nerves?® 
or stress.'*:'25 Acceleration of the rate of catecholamine 
synthesis during transmitter release can maintain its 
stores. During postoperative ileus, the rate of no-epineph- 
rine synthesis was found to be accelerated ia the di- 
gestive tract but not in the heart. A postope-ative in- 
creased rate of norepinephrine synthesis is consistent with 
the observed prevention of ileus by pretreatment with 
6-OHDA and supports the view that svmpathetie nervous 
system activation might be the cause of postoperative 
ileus. 


Summary 


The effect of abdominal surgery on posteperative 
- gastrointestinal propulsion was examined ii unre- 
strained, unanesthetized rats. Both gastric emptving and 
small intestinal propulsive activity were impaired during 
the postoperative phase. Increased norepinephrine syn- 
thesis was observed in the digestive tracts of eperated 
animals but not in their hearts. The increase in norepi- 
nephrine synthesis suggests peripheral sympathetic neu- 
ronal hyperactivity, Chemical sympathectomy with 
6-hydroxydopamine prevented the appearance of post- 
operative ileus. The above findings are consistent with the 


POST IPERATIVE ILEUS IN THE RAT 


785 


(mean + SEM) 


Controls 
Operated 


HH 
HK 


I.O 





PROXIMAL DISTAL 
, eal mil eRe 
SMALL INTESTINE 


HEART 





STOMACH 


Fic. 5. Specific activity of norepinephrine (NE) in the digestive 
tract and heart; control compared to operated rats. (*p < 0.05, 
orp <= O01, *F*p =< 0001). 


hypothesis that postoperative ileus is related to intestinal 
sympathetic hyperactivity occurring during the postop- 
erative period, 
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Intraluminal Diverticulum of the Duodenum 


VIPINKUMAR M. TANDON, M.D.,* HAROLD T. OESAU, JR., M.D.,7 


NTRALUMINAL DIVERTICULUM of the duodenum is a rare 
I congenital lesion with a characteristic roentgen ap- 
pearance. The gross pathology of the lesion was first de- 
scribed in 1885 by Silcock,!? however, it was only in 
1949 that Kinzer’? first reported the lesion in a 22-year- 
old male with intermittent episodes of nausea and vomit- 
ing. Since that time the subject has appeared in the lit- 
erature in the form of reports of 1 or 2 cases, the largest 
series being that of 6 cases by Heilbrun and Boyden’ in 
1964. The subject was dealt with extensively by Nance,'° 
who reviewed in 1967, a total of 35 cases. Since then, 2 
additional cases have been reported, one by Newman’® 
and one by Carrier.‘ In all, a total of only 37 cases have 
been reported. This condition is characterized by vague 
upper abdominal symptoms which mimic other common 
forms of upper gastrointestinal diseases. The diagnosis 
is made by the characteristic roentgen appearance on 
barium meal examination and surgery is marked by 
complete relief of the symptoms. We think that in view 
of the above facts, presentation of two additional cases 
and review of the subject is interesting. 


Case Reports 


Case 1. L.M., a sixteen-year-old Puerto Rican female patient 
was admitted to Bridgeport Hospital on September 10, 1971 
with the chief complaint of abdominal pain of one day’s dura- 
tion in the right lower quadrant. There was no history of nausea 
` or vomiting. The patient also gave history of vague epigastric 
pain at times radiating to the back, coming on and off for the 
past several months, The epigastric discomfort was more often felt 
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after meals. There was no history of associated nausea or vomiting 
in the past. 

Physical examination at the time of admission was unremark- 
able except for moderate tenderness in the right lower quadrant 
without any rebound tenderness. Routine lab studies were within 
normal limits. The patient was admitted with the diagnosis of 
possible acute appendicitis and treated conservatively, with im- 
provement and complete relief of the right lower quadrant pain. 
However, the patient continued to complain of the epigastric 
discomfort and underwent investigations. The gall bladder X-rays, 
I.V.P. and barium enema were normal. An upper G.I. series was 
done, which showed characteristically the presence of an intra- 
luminal duodenal diverticulum (Fig. 1). 

In view of the patients continuing abdominal symptoms, she 
was explored on September 23, 1971. On exploration, the proximal 
duodenum appeared to be boggy and enlarged. The diverticulum 
could be easily palpated in the second portion of the duodenum. 
On opening the duodenum, the sac was readily identified. It was 
composed of 2 layers of mucosa, was about 5 cms. in length and 
had an almost complete circumferential attachment at the level of 
the ampulla of Vater. The sac was communicating with the lumen 
of the duodenum by a v-shaped slit about 2 cm. in length, 
present at the medial aspect of the base (Fig. 2). 

The ampulla was identified, then the sac was easily excised 
and the mucosal cuff was closed with a running interlocking 
suture of chromic catgut. The duodenotomy was closed trans- 
versely in 2 layers. The patient’s postoperative course was un- 
eventful and she was discharged 7 days postoperative on Sep- 
tember 30, 1971. The microscopic examination of the sac revealed 
it to be made up of a double layer of hyperplastic duodenal 
mucosa devoid of any muscular tissue, The patient had a follow-up 
G.I. series 4 months later which revealed a normal appearing 
duodenum. The patient has been asymptomatic since surgery. 

Case 2. J.G., a sixty-six-year-old white male was admitted to 
Bridgeport Hospital on January 2, 1972 with the chief com- 
plaints of anorexia, weight loss and chronic progressive dyspnoea 
on exertion. He also gave a history of vague epigastric digeomfort 
in the past. The patient was a known alcoholic and had worked 
for 24 years as a coal miner. 

Physical examination revealed clubbmg of fingers, spider nevi, 
bilateral rhonchi on auscultation and 4 finger breadth liver èn- 
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Fic. 1. Case 1. Roentgen ap- 
pearance showing the barium- 
filled intraluminal diverticulum 
of the duodenum. The charac- 
teristic radioluscent line “the 
halo sign” seen represents the 
diverticular wall. 





largement. Work-up revealed pneumoconiosis, portal fibrosis with 
cholestasis and an intraluminal duodenum diverticulum, which 
showed filling and good emptying by cineradiography (Fig. 3). 
The patient was discharged to be followed on symptomatic teat- 
ment, on January 9, 1972. 
Discussion 

An intraluminal diverticulum of the duodenum is a 
sac lving within the duodenum. It is composed of mu- 
cosa on both sides. It has been aptly compared with a 
glove finger or wind sock. The sac itself is attached to 
the duodenal wall partially or completely circumfcren- 
tially, usually in the region of ampulla of Vater. Only one 
case of the diverticulum arising in the third portion of 
the duodenum has been reported.' The length of the sac 
varies from a few to 10 cms. The sac may communicate 
with the duodenal lumen by an opening at the base or 
the apex. The proximal duodenum is dilated in about half 
of the cases. The sac may be the site of ulceration which 
is characterized by gastrointestinal bleeding. Also noted 
has been a rather high incidence of associated mental re- 
tardation and mongolism as reported by various anth- 
ors.'7"1" Annular pancreas and pancreatitis have also 
been noted with this lesion. 

“ Etiology 

There are several theories regarding the etiology of 
this lesion. Schwegler and Boyden'* have reported in 
great detail on the development of the ampulla of Vater. 
They observed that in the early embryo of 7.5 mm. stage, 
the lumen of the duodenum is obliterated by the prolif- 
erating epithelium, however, by 37 days, in an embryo of 
15 mm., there appear vacuoles which coalesce to form 
2 channels, one along the lesser curvature and the other 
alongethe greater curvature which eventually coalesce 
to form a single lumen. They believe that the intra! umi- 
nal diverticulum is a .vestigeal remnant of one of these 
channels which did not coalesce with the main lumen. 





Case l. 
through an anterior duodenotomy incision. The probe shows the 
opening by which the diverticulm was communicating with the 
duodenal lumen. The walls, as seen, were composed of two layers 
of mucosa. 


Frc... 2, The diverticulum as seen during exploration 


Others have suggested that the diverticulum is the result 
of peristalsis ballooning an incomplete duodenal dia- 
phragm,'® however, cases of incomplete duodenal dia- 
phragm without intraluminal duodenum diverticulum 
have also been reported in adults. Still others contend 
that this represents a reduplication, however, the walls 
of reduplication consist of all the intestinal layers and 
not just mucosa, which casts a shadow of doubt on this 
theory. Another theory is that of Coors and Mitchum,® 
who believe that intraluminal duodenum diverticulum is 
the result of outpouching of the exaggerated transverse | 
mucous folds in the region of the ampulla of Vater. 


Clinical Features 


The majority of the cases reported have been in adults 
in the third, fourth, and fifth decade, only one being in a 
child. 11 years old.'* The oldest 2 were 76-year-old fe- 
males.22” The sex distribution has been almost equal. 
The majority of patients had vague upper abdominal 
symptoms characterized by mild epigastric pain or fiill- 
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ness, treated svymptomatically for several ears without 


relief. Some had symptoms since childhood. A few of 
the patients had recent onset of symptoms while in a 
few others, the svmptoms had recently become worse. 
Roughly, one-third of the patients had symptoms of 
nausea and vomiting, especially after mezls. Gastroin- 
testinal bleeding was noted in about one-fourth of the 
cases.!° 

Physical findings were negligible in most of the cases. 
A few of the patients had mild epigastric tenderness, 
however, neither physical examination noz laboratory 
studies, except for the typical roentgen appearance, were 
diagnostic. 


Radiologic Appearance 


The intraluminal duodenal diverticulum Jas a char- 
acteristic roentgen appearance. On barium meal exam- 
ination, it shows up as a barium filled pear-shaped sac 
beginning in the region of ampulla and lying completely 
in the duodenum on all projections. As the ba-ium in the 
duodenum moves past the filled diverticulurn, a radio- 
lucent halo outlines the diverticulum, giving it the patho- 
gnomonic appearance. Many patients have associated 
duodenal enlargement. Kaftori and colleagues'! demon- 
strated the lesion by I.V. Cholangiography in which case 
the intraluminal duodenal diverticulum was cowering the 
ampulla, and not demonstrable by barium swallow. 


Treatment 


Of the 37 patients reported, 11 were managed medi- 
cally and the rest surgically. Out of the 11 managed 

medically, 5 were asvmptomatic for varving lengths of 
follow-up, 4 had no follow- -up recorded and 2 wd recur- 
rence of symptoms, but were not operated upon. 

The remaining 26 patients underwent surgery with 
excision of the intraluminal diverticulum. The duodenum 
is mobilized by Kocher maneuver and an anterior duo- 
denotomy is performed at the level of the ampulla. The 
diverticulum having been identified, a search is made for 
the ampulla of Vater. Once the ampulla of Water is 
identified, in order to protect it, the diverticulum is ex- 
cised by dividing its circumferential attachment, and the 
mucosa is approximated by a continuous hemostatic su- 
ture of chromic catgut. The duodenotomy is close] trans- 
versely, Occasionally, the common bile duct has to be 
cannulated to identify the ampulla. This was done on 
two occasions. Another case, not included in this series, 
was reported by Cavaleri with typical radiologi: find- 
ings, they failed to identify the divert culum 
at the time of surgery. Partial gastrectomy with 


however, 
yastro- 
jujunostomy was done.” 

Of the 26 patients treated surgically, 20 were com- 
pletely cured, no follow-up being reported in 6 cases." 
There were no*deaths reported in the 26 patients treated 


DIVERTICULUM OF THE 





DUODENUM 789 





m~a 


Fic. 3. Case 2 
appearance of the intraluminal duodenal diverticulum. 
verticulum was seen to empty complete ly in the later films. 


, Barium meal examination showing the same typical 
The di- 


surgically and operative complications were few. One 
patient had inadvertent injury to the ampulla of Vater, 
which was recognized at the time of surgery.” The post- 
operative course was marked by pancreatitis, fistula for- 
mation, subhepatic abscess and pneumonia, however, 
the patient recovered completely and was asymptomatic. 
Another patient, who had a common bile exploration, 
had severe pain in the right flank on the fourth post- 
operative day which, however , subsided spontaneously," 

and still another patient has asymptomatic duedenal con- 
striction seen by follow-up barium meal examination." 

Three of the reported patients had previously under- 
gone upper G.I. tract surgery. One had a gastric resection 
and Bilroth I anastomosis for me ga- duodenum, however. 
she continued to have symptoms until the intraluminal 
duodenal diverticulum was excised." 

Another patient had a duodenojejunostomy at the age 
of 6 vears for duodenal diaphragm.” Symptoms of duo- 
denal ulcer developed later at the age of 37, when he 
was found to have an intraluminal duodenal diverticu- 
lum by X-ray examination. Medjcal treatment relieved 
the symptoms. 
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Another patient had anterior gastroenterostomy at the 
age of 6 days for duodenal atresia.'* The patient con- 
tinued to have epigastric symptoms and had 3 episodes cf 
melena.*An intraluminal duodenal diverticulum was dem- 
onstrated in this patient at the age of 24 years, which 
was excised with complete relief of the symptoms. 

THe treatment of choice in most cases of intraluminal 
duodenal diverticulum is surgical. Patients, who are poor 
operative risks or are asymptomatic, can be followed on 
a conservative regimen, However, most patients continue 
to have symptoms and may develop gastrointestinal 
hemorrhage, unless the diverticulum is excised. Bypass 
of the lesion should be avoided, to prevent recurrence of 
symptoms. 


Summary 


Intraluminal duodenum diverticulum is a rare œn- 
genital lesion characterized by a double layered mucesal 
sac lying in the second portion of the duodenum. The 
patients usually have vague upper abdominal symptoms, 
which mimic other common forms of upper G.I. dis- 
orders and may develop G.I. hemorrhage. The physical 
findings are minimal and the diagnosis is made by the 
pathognomonic roentgen appearance of a barium filled 
sac lying in the second portion of the duodenum with a 
radiolucent halo around it. The treatment of choice is 
surgical excision, carefully avoiding injury to the ampulla 
of Vater. 
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Complement Inhibition After Canine and Human Renal 


7 T ROLE OF THE COMPLEMENT SYSTEM in the rejection 


of allografts is not yet fully clarified. It is generally 
agreed that there is an association between cytotoxic anti- 
body and complement,” but there is little definite evi- 
dence that the complement system functions as an effec- 
tor in allograft destruction.?+ Previous reports from this 
laboratory, however, have illustrated that following trans- 
plantation, an inhibitor of the activation of the third com- 
ponent of human complement (C3) is generated and 
appears in the circulation.+® This inhibitor appears to 
act directly on C3 and is elaborated by lymphocytes after 
a specific stimulation by virtue of the transplantation 
process. Following cardiac transplantation in dogs, the 
appearance of this inhibitor in the circulation has been 
shown to be closely correlated with and a very precise 
indicator of rejection.! This paper extends these observa- 
tions and attempts to correlate the serum level of the 
inhibitor with rejection of canine or human renal allo- 
transplants. Such data appear to provide a further associ- 
ation between complement activity and organ transplan- 
tation rejection. 

In addition, this report presents evidence that the de- 
termination of complement inhibition in the sera of renal 
transplant recipients may be of considerable worth in 
predicting the onset of rejection. It is quite clear that the 
utilization of clinical symptoms as well as other serologic 


_ and functional studies as blood urea nitrogen, serum 


creatinine, or creatinine clearance to detect transplant 
rejection may allow a certain degree of irreparable organ 
damage to occur before treatment of rejection is begun. 
A simple and reliable test to determine the onset of re- 
jection before this stage of organ damage is reached 
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would be a valuable asset in the management of trans- 
plant recipients. The determination of complement in- 
hibition appears to offer much promise in this regard. 


Materials and Methods 


Animal Experiments 

Renal transplants were performed on 15 mongrel dogs 
from unmatched donors. There were 5 female and 11 
male pairs of animals, with an average weight of 17 kilo- 
grams. 

After removing the donor organ with its artery,- vein 
and ureter, the kidney was perfused for 3 minutes with 
250 ml of lactated Ringers solution at 4°C, containing 
1250 units of heparin and 25 ml of 1% procaine. The kid- 
ney was placed in the right iliac fossa of the recipient 
dog and its vessels joined end-to-side to the aorta and 
vena cava of the recipient. The average ischemia time 
was 40 minutes. Cutaneous ureterostomies were per- 
formed in all animals. Three dogs served as control ani- 
mals. In these, the renal artery and vein of thè right kid- 
ney were divided and vascular continuity reestablished 
at a more distal site by end-to-side anastomosis with 
the aorta and vena cava. The ureters were left undis- 
turbed. 

To allow withdrawal of the required venous blood 
samples, an 18 gauge polyethylene catheter was intro- 
duced into the vena cava through the deep circumflex 
iliac vein and the tip placed just above the renal vein 
leading from the graft. Similarly, a catheter was*placed 
into the aorta through the median sacral artery, and the 
tip placed at the level of the renal artery anastomosis. 
Both catheters were then brought through a subcutan- 


° 791 


792, 


eous tunnel to the dorsal surface of the animal. Preopera- 
tive and postoperative systemic blood samples were also 
. _ taken from all animals by venapuncture from the fore- 
leg. Samples were withdrawn simultaneously at 20 mia- 


utes, 1 hour, and daily after blood flow to the graft kid- 


ney had been reestablished. 

Reeipients were sacrificed on the seventh postoperative 
day by exsanquination and the blood stored at —70°C 
until study. The grafted kidney, as well as one of the 
recipient’s own kidneys, were removed for study. Donor 
dog blood and the remaining kidney were also obtained 
for study. All recipient animals received penicillin pre- 
operatively and during the postoperative period. Anes- 
thesia was accomplished with sodium pentobarbital. Ani- 
mals were fed standard laboratory dog food. None in tkis 
phase of the experiment received immunosuppressive 
therapy. 

In addition to the above studies, hyperacute rejection 
was induced in eight dogs by the method of Nathan, 
et al.® utilizing a second allotransplant. Nephrectomy fr 
control-animals was performed by routine methods on 
two animals. 


Human Studies 


Samples of blood were obtained from normal healtay 
volunteers to provide control sera. Venous blood spesi- 
mens were obtained at varying times in the pre-and post- 
transplant period from 20 children receiving renal alo- 
grafts at the Cincinnati Children’s Hospital. All were 
treated with prednisone and azathioprine. 

Blood specimens were also obtained from patients wih 
acute and chronic glomerulonephritis, pyelonephritis, 
acute and chronic non-renal infections, trauma, and fol- 
lowing extensive surgical procedures including cardiot- 
omy with bypass. Samples obtained were either analyzed 
on the same day or stored at —70°C. 

The technique used for human renal allotransplanta- 
tion has been previously described by Martin, et al.’ 


Assay of Complement Inhibition 


Details of the method are described in previous com- 
munications.*7 The human C3 molecule bears three dis- 
tinct antigenic determinants, designated A, B, and D.° 
Of these, only the B antigen is confined to the intact 3 
molecule, and not present on any conversion product. 
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Therefore, the concentration of the B antigen parallels 
the concentration of intact C8, and the disappearance of ‘ 
the B antigen during the activation of the complement 
system is equivalent to the disappearance or conversion 
of C3.%7 Determination of the concentration of the B 
antigen was performed by the immunoelectrophoretic 
precipitin method using antiserum specific for the B anti- 
gen of human C3.8.9 

When normal human serum, or a mixture of normal 
human and dog serum, is incubated with an immune 
complex or aggregated IgG at 37°C for 60 minutes, C3 
is rapidly converted, and the B antigen, originally pres- 
ent on the human C3, disappears.” If, instead of normal 
serum, serum from a patient or animal who has received 
a renal transplant is mixed with the immune complex 
or aggregated IgG and treated as above, the amount of 
B antigen which disappears, and therefore the conver- 
sion of C3, is reduced.*? The conversion of C3 in either 
case may be expressed as a percentage of the initial B 
antigen which has disappeared or been converted.®” 

In the present study, the extent of conversion of C3 or 
the extent of decrease of the B antigen in the transplant 


sera has been compared to control assays using normal 


serum or the subject’s own serum taken prior to trans- 
plantation. This ratio of the percent of B antigen decrease 
in the preoperative control serum to the percent of B anti- 
gen decrease in the transplant serum, therefore, provides 
an index expessing the degree of C3 conversion inhibition 
in the transplant sera. Thus, if the B antigen decrease 
in the reaction mixture using the transplant serum is as 
great as or greater than that in the control specimen, 
there is no inhibition of C3 conversion, and the inhibitor 
index is 1.0 or less. As the conversion of C3 is inhibited in 
the transplant sera this ratio increases. Therefore, the 
higher the inhibitor index the greater is the inhibition. 
To establish some guidelines, the mean percent con- 
version of C3 for 87 patients and 81 dogs who were nor- 
mal or who had various non-transplant procedures or 
disorders were calculated. This data is shown in Table 1. 
A standard deviation was then calculated, and a ratio ob- 
tained using the high and low values at one and two 
standard deviations respectively. For purposes of this 
study any calculated ratio up to the maximum ratio for 
one standard deviation from the mean (1.05) can be 
considered to represent no significant inhibition. Any 








TABLE 1. C3 Conversion in Control Patients and Animals 
Mean Mean + 158.D. Mean + 2 S.D. 
% C3 he eae ee 
Serum Number Conversion Std. Deviation Mean — 1 S.D. Mean — 2 S.D. 
è Patients? 87 80.9 1.93 1.05 1.09 
Dogs* 81 80.3 1.70 1.04 1.09 





* Composed of sera from normal and various non-transant conditions. The numbers and types of patients and dogs are 


detailed elsewhere.®»7 


~ 


= 


Yol. 178 + No. 6 


ratio falling between the maximum for 1 and 2 standard 


` deviations (1.10) has been considered as “suspicious”, 


' while any ratio exceeding the maximum for 2 standard 


deviations. (1.10) has been considered significant and 
indicative of C3 conversion inhibition. 


Results 


Serum Levels of C3 Conversion Inhibition in Canine 
Renal Allograft Recipients 

The course of 2 representative canine renal transplant 
recipients is compared with the course of 4 control ani- 
mals in Fig. 1. None of these animals received immuno- 
suppressive therapy. The typical pattern of C3 conversion 
inhibition is seen. There is early appearance of the in- 
hibitor in the serum, usually within the first hour after 
blood flow to the kidney is reestablished. This initial rise 
in inhibition is followed by a decline or diseppearance 
during the second to fourth days. There is then a sec- 
ondary rise around day 6 and 7. Control animals show 
no C3 conversion inhibition. 

Utilizing simultaneously obtained blood sp2cimens, it 
can be shown that the amount of C3 conversion inhibi- 
tion is consistently greater in the arterial inflow to the 
graft than in the venous outflow. This has been docu- 
mented in six animals and is illustrated in Fig. 2. Three 
control autotransplants showed no such differences. It 
thus apears that the material responsible for tae C3 con- 
version inhibition is cleared by the renal graft and either 
deposited, excreted, or inactivated. It is well to note here 
that peripheral venous blood, utilized for most of the 
studies enumerated below, demonstrates levels of C3 
conversion inhibition similar to those obtained in the 
renal arterial blood. 

In an effort to define which mechanism might be re- 
sponsible for the renal arterial-venous difference, grafts 
were studied after removal on the seventh day. After 
homogenization in a Waring blender, the susp2nsion was 
washed. extensively in 0.15N NaCl at 4°C urtil no fur- 
ther protein was removed, and then eluted in EDTA 
veronal buffered saline at pH 7.4 for 16 hours at 4°C. 
The eluates were ultrafiltrated and tested for their ability 
to inhibit C3 conversion. Five transplant canine kidneys 


_ were studied in this manner and in all, the elaates were 


able to inhibit C3 conversion significantly {Table 2). 
Eluates of kidneys from control sources were unable to 
do so. 


Serum Levels of C3 Conversion Inhibition Dur-ng Canine 
Hyperacute Rejection 


The portion of this study presented above deals only 
with first set allograft rejection. In an effort zo see if a 
second set rejection, i.e., hyperacute rejection, would 
also generate the inhibitor, second renal allografts were 
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Fic. 1. C3 conversion inhibition after canine renal allotransplanta- 
tion and control procedures. Day 0 is the the day of the procedure. 
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Fic. 2. C3 conversion inhibition in arterial and venous blood after 
canine renal allotransplantation. Transplantation was done on 
day 0. ; 
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TABLE 2. Inhibition of C3 Conversion by Eluates of Canine Coni-ol 
and Transplanted Kidneys. 
No. Inhibitor 
Source tested Index 
Allotransplant 5 1.84 + 0.10 
Normal -2 1.04 + 0.Di 
Autotransplant fs 28 1.02 + 0.D1 
Normal* 2 1.04 + 0.01 


* Transplanted animals’ own kidney, left in place after kidney 
transplant. 


performed as described by Nathan, et alë This data is 
shown in Fig. 3, Inhibition appears rapidly and then 
disappears ‘from the circulation within two days after the 
first kidney is removed. Upon transplantation of the sec- 
ond kidney, the inhibitor again appears rapidly but per- 
sists for a number of days before disappearing from tie 
circulation after the second kidney is removed. 


Effect of Azathioprine and Prednisone on C3 Conversion 
Inhibition after Canine Renal Allotransplantation 


In all of the above studies, no immunosuppressive 
treatment was employed. The left side of Fig. 4 illustrates 
the values for inhibition of C3 conversion in a canine 
renal graft recipient in whom azathioprine was used as 
the only immunosuppressive agent. No effect on the gen- 
eration of the inhibition was noted at a dose of 4-6 mgn/ 
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Fic. 3. C3 conversion inhibition after canine hyperacute rejection. 
The initial renal transplant was performed on day 0 and left in 
place for 3 days. After removal, the second kidney from the same 
donor was transplanted on day 12 and removed on day 15. 


SPITZER AND OTHERS 


28 


Ann. Surg. + Dec. 19%8 





„6-0 

X 

È 3, 

eg PREDNISONE 
6. 

kas 

x 

N 

< 

È 





oo 2 4 lO 
DAYS 


Fic. 4. C3 conversion inhibition after renal allotransplantation in 
a dog receiving only azathioprine (left) or prednisone (right). 
The transplant was done on day 0. 


kg. Other animals have received doses as high as 12 mg/ 
kg without effect. | S 

In a similar experiment shown on the right side of 
Fig. 4, prednisone was the only immunosuppressive agent 
used, After generation of the inhibitor without treatment, 
prednisone was begun on day one. There appears to be a 
prompt response to a dose of 4 mgm/kg. In other studies 
from this laboratory,’ levels of C3 conversion inhibition 
have been shown to be exquisitely sensitive to prednisone 
therapy at doses of 3 mgm/kg or higher. 


Early Appearance of C3 Conversion Inhibition in Patients 
with Renal Allotransplants 


As in the untreated dogs, C3 conversion inhibition may 
appear early, occasionally at 1 hour. More often it is first 
present at 1-2 days after transplantation in children be- 
ing treated with both prednisone and azathioprine. Of 
14 patients who were assayed early after transplantation, 
7 had definite evidence of inhibition present in their 
serum within 48 hours. As in the dogs, this early inhibi- 
tion decreased or disappeared almost immediately, only 
to reappear in 2-4 days. None of the 7 patients showed 
clinical or laboratory evidence of rejection at the time of 
appearance, but 5 of the 7 had a rejection episode within 
the next 8 days. There was no correlation between tissue 
matching and early appearance of inhibition. Figs. 5 and 
6 illustrate two such patients. 

As in the dogs, normal individuals, patients operated 
upon for reasons other than transplantation, patients with 
glomerulonephritis or other renal disorders, and patients 
with transplants but without rejection do not show evi- 
dence of complement inhibition.® ° 
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Fic. 5. C3 conversion inhibition after renal allotransplantation. 
Onset of rejection indicated by arrow. Patient is a ten year old 
female; tissue match is D; donor is mother. Preope-ative disease 
was: chronic pyelonephritis. 


Relationship of Serum C3 Conversion Inhibition to Re- 
jection in Patients after Renal Allotran splantation 


In 19 of 20 patients with renal transplants, who col- 
lectively have experienced over 50 separate episodes 
of threatened or definite rejection, the inhibitor has al- 
ways been ‘present in the circulation at the time of re- 
jection. One patient who had a severe rejection episode 
on the seventh postoperative day and subsequently re- 
quired large doses of immunosuppressive therapy dem- 
onstrated C3 conversion inhibition on the first postopera- 
tive day, and never thereafter. Reascns for the. lack of 
a more significant and prolonged generation Df inhibitor 
in this patient are not totally clear. In nearly all cases, 
elevation of inhibitor index preceded the Clinical and 
laboratory. signs of rejection by 1-4 days. This has been 
true for rejection occurring 7 days to 5 years. after trans- 
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Fic. 6. C3 conversion inhibition 
after renal allotransplantation. 
Onset of rejection indicated by 
arrow. Patient is an ll-year- 
old male; tissue match is C; 
donor is father. Preoperative 
disease was hypoplastic kidneys. 
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plantation. The diagnosis of threatened rejection of renal 
allografts was usually determined by no less than 3 mem- 
bers of the transplant team and was based upon a collec- 
tion of signs and symptoms which included elevated BUN 
and/or serum creatinine, falling creatinine clearance, on- 
set of fever without obvious ‘cause, tenderness over the 
graft site and onset of mild proteinuria. No single pa- 
rameter was exclusively relied upon, and in some pa- 
tients a renal biopsy was obtained for confirmation. In 
Figs. 7, 8 and 9 are illustrated 3 examples of the appear- 
ance of the inhibitor prior to recognition of rejection of 
a renal graft by the above criteria. In addition, all 3 ex- 
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Fic. 7. C3 conversion inhibition 
after renal allotransplantation. 
Onset of rejection indicated by 
arraw. Patient is a 19-year-old 
male; tissue match is C; donor 
is father. Preoperative disease 
was chronic rdn 
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Fic. 8. C3 conversion inhibition after renal allotransplantaton. 
Onset of rejection indicated by arrow. Patient is an 18-year-o.d 
male; tissue match was C; donor. was mother, Preoperative disease 


-was chronic pyelonephritis, 


amples demonstrate the response of the inhibitor fo 
intensive immunosuppressive therapy with prednisona. 
Two patients with renal transplants followed for simdar 
time periods who have never experienced a rejection epi- 
sode have never demonstrated an elevated inhibfar 
index. 


Appearance of C3 Conversion Inhibition Without Signs 
of Rejection in Patients with Renal Allografts 


Although inhibition was always detectable (with cre 
exception) whenever a rejection occurred, the converse 
was not always true. Occasionally inhibition would ke 
noted in the circulation with no other abnormal labera- 
tory or clinical findings. This point is illustrated in Fig, 
10 where C3 conversion inhibition was present from cay 
one with no signs of rejection until day 40. In addi- 
tion, it can be noted from the latter part of this patiemt’s 
course that*the inhibitor may wax and wane with litte 
obvious cause. Whether the appearance of the inhibzor 
and its variability are indicative of low grade, continu- 
ing rejection which is not yet manifest in other clinial 
and laboratory ways, is not yet clear. Although the dit- 


ferences are small and difficult to interpret, it does app2ar 


that, as in Fig. 10, the level of BUN and creatinine are 


higher during those times that the inhibitor is elevated. 


Particularly striking in Fig. 10 is the fact that an increase 


- in predifisone dose at a time that the BUN and creatin re 


are slightly elevated or at the upper limits of norma. is 
associated with a drop i in inhibitor levels and a conco-s- 


tant decrease in BUN and creatinine. 
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Fic. 9. C3 conversion inhibition after renal allotransplantation. 
Onset of rejection indicated by arrow. Patient is an eigħt-year- 
old female;. tissue match is C; donor was father. Preoperative 
disease was chronic GN. 


Discussion 


After renal allotransplantation, there appears in the 
circulation a substance which is capable of inhibiting the 
activation or conversion of the third component of human 
complement." The presence of this inhibitor has been 
demonstrated after human and canine renal allotrans- 
plantation. In addition to these situations, similar inhibi- 
tory activity has been found after cardiac!-* and hepatic 
transplantation,°® implying that this is not an organ spe- 
cific phenomenon. Inhibition has never been found in 
the sera of normal human volunteers, pretransplant pa- 
tients, patients with a number of ether disorders includ- 
ing renal disease, or patients undergoing various surgical 
procedures. It has not been found in the sera of control 
canine heterotopic renal isograft subjects, nephrecto- 
mized dogs, or dogs stressed in various ways. Previous 
studies!:*.7 have characterized the inhibitor as an alpha 
or beta globulin with an approximate molecular weight 
of 64,000. It is located primarily in the euglobulin frac- 
tion of serum and based on adsorption studies by mono- 


Ann. Surg. « Dec, 197% 


v 


. @ e 
e ‘ 
. ; 
2 Wol. 178 + No. 6 


aa 


. as systemic lupus erythematosus, 


specific antisera, it is not IgM, IgG, IgA or C3. The in- 
hibitor appears to be elaborated by lymphocytes and acts 
directly on C3. 

Evidence has been presented i in the present paper that 
after renal transplanfation i in dogs, the inhibitor appears 
very rapidly in the circulation, often within an hour. It 
then tends to decrease or even disappear for a’ brief pe- 
riod, usually reappearing around 6 or 7. The pattern has 
been obtained in all animals who have been transplanted 
and allowed to reject without any effort at immunosup- 
pression. Inhibition of C3 conversion in the same pattern 
has also been shown to occur in hyperacute rejection of a 
second canine renal allograft. In addition, the inhibitor 
has been seen to exhibit consistently greater activity in 
the arterial inflow to renal allografts than in the venous 
outflow. The data coupled with the evidence that eluates 
of these kidneys demonstrate considerable inhibitor ac- 
tivity implies that the inhibitor deposits and fixes to the 
graft itself, thereby suggesting at least onè ceuse for the 
decrease in serum levels. It thus appears that the genera- 
tion of C3 conversion inhibition ‘after canine allotrans- 
plantation is involved in some intimate.way with trans- 
plant rejection. In addition, this data tends to strengthen 
the rather tenuous association between the complement 
system and the immunological process of rejection. 

The data in the human renal transplant recipients were 
primarily obtained in order to document this association. 
In addition, it was hoped that serial measurement of C3 
conversion inhibition in the patients might become a use- 
ful tool in the diagnosis of transplant rejection. Because 
of these considerations, the data in the human subjects 
were obtained in a retrospective fashion; i.e., the diagno- 
sis and treatment of rejection in these patients was de- 
termined without reference to levels of C3 conversion 
inhibition. The first aim of these studies on the human 
transplant recipients appears to be fulfilled. In essence, 
patterns similar to those in the canine experiments were 
noted despite the fact that all patients were receivin 
prednisone and azathioprine. That only 7 of 14 patients 
studied immediately after transplantation developed in- 
hibitor activity may be attributed to a number of host 
factors, tissue compatibility, and most of all to the use 
of immunosuppressive therapy, particularly prednisone. 
Five of these 7 patients developed evidence of rejec- 
tion within 8 days after appearance of this early inhibi- 
tor. By contrast, in the 7 patients who failed to demon- 
strate an early inhibitor, rejection was not evident for 
at least 30 days after transplantation. That the use of 
prednisone and azathioprine by themselves is not as- 
sociated with the appearance of the inhibition has been 
demonstrated by the observations that 1) not all trans- 
plant recipients on these drugs generated an inhibitor, 

2) patients on these medications for other reasons, such 
lipoid nephrosis, 
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Fic. 10. C3 conversion inhibition after renal allotransplantation. 
Onset of rejection indicated by arrow. Patient is a 12-year-old 
female; tissue match is B; donor was mother. Preoperative disease 
was chronic pyelonephritis. 


chronic glomerulonephritis and auto-immune hemolytic 
anemia, failed to generate inhibition, 3) normal ani- 
mals given these medications showed no inhibitor ac: 
tivity and 4) in both animals and human patients, the 
inhibitor is in fact sensitive to prednisone treatment, 
often rapidly disappearing when prednisone is intro- 
duced or increased to large dosages. Although « our pre- 
liminary data indicates that the early appearance of an 
inhibitor in the circulation may forecast a poor prog- 
nosis for graft survival, the number of patients studied 
is too small to allow any definitive conclusions. Further- 
more, we can find no correlation between the early ap- 
pearance of the inhibitor and the grade assigned to the 
transplant by leukocyte cytotoxicity matching studies. 
Turning next to a consideration of the efficacy of using 
this measurement as a diagnostic tool, one finds that the 
data is not as clear-cut. On the positive side, as outlined 
above, C3 conversion inhibition seems to be an extremely 
early and reliable predictor of rejection in the first two 
weeks after transplantation, Secondly, the inhibitor has 
always been present with but one possible exception — 
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when a diagnosis of rejection has been made regard‘ess 
of the timing. Third, measurement of the inhibitor <lzo 
appears to be of benefit in differentiating other causes of 
deteriorating renal function from rejection. We have 
had the opportunity to treat three patients who, atter 
transplantation, developed glomerulonephritis of he 
same “type which occasioned the necessity for transplert. 
Since the signs and symptoms of nephritis in these 2a- 
tients obscured any evidence of rejection, it was virtuaLy 
impossible to differentiate these two ‘entities, In twc of 
these patients, an inhibitor was present immediately prior 
to the onset of deteriorating renal function. Renal bio- 
sies in both cases were difficult to interpret but suggested 
that rejection as well as recurrence of the original gl- 
merulonephritis was taking place. In the third patient, 
with similar signs of renal disease, no inhibitor was pzes- 
ent and biopsy revealed clear-cut evidence of a recur- 
rence of the patient’s original glomerulonephritis. No 
evidence of rejection was seen in the biopsy from -tis 
patient. Fourth, in addition to helping differentiate re- 
jection from recurrent glomerulonephritis, the inhib.tor 
has also been of value in revealing those patients who 
show a rise in BUN and creatinine secondary to surg.cal 
complications rather than rejection. Finally, the assay is 
relatively simple and requires no inconvenience of the 
patient as do other tests for rejection such as creatirine 
clearance and urine collections for Na excretion. 

In a less optimistic vein, however, and of some con- 
cern is the fact that the inhibitor is sometimes preseat 
when there are no clinical or laboratory signs of rejectzon. 
The implication of this finding is that there is rejection 
activity directed against the transplant which is not re- 
flected in any clinical signs and symptoms or in any ab- 
normal results in the laboratory studies which we com- 
monly employ. Support for this line of reasoning comes 
from the fact that interference with renal function, sich 
as the ability to excrete urea and creatinine, must pro- 
gress to a fair extent before laboratory determinations te- 
come abnormal. Furthermore, evidence that the appeer- 
ance of the inhibitor is associated with on-going rejec- 
tion is contained in another communication which dm- 
onstrates btopsy changes consistent with rejection. wren 
the inhibitor is first elevated and when there are 20 
other abnormal clinical or laboratory signs.*° It must 3e 
emphasized, however, that more definitive informa-ion 
is required before such a positive implication can De 
completely supported. A second limitation is the -ect 
that a single measurement cannot be totally relied u29 
since serum levels of inhibition seem to wax and wane 
due to deposition on the graft and prednisone therery. 
Not withstanding these limitations, the determination of 
C3 conversion inhibition in renal transplant recpients 
seems to bea valuable tool in at least two distinct arzas. 
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First, it appears to be sensitive and reliable in predict- 
ing rejection in the early days following transplantation. — 
Secondly, it would seem to be highly reliable in confirm- 
ing the diagnosis of rejection when other variables con- 
fuse the issue. Whether or not this assay will have greater 
usefulness must await further data. 

Finally, it is worthwhile to consider the response of 
the inhibitor to immunosuppressive therapy. Imuran ap- 
pears to have no effect. Perliminary data in 5 patients 
who received anti-lymiphocyte globulin indicate that it 
is an effective agent in decreasing the generation of the 
inhibitor. It also appears that the inhibitor generated in 
the early course of a transplant responds quickly and 
completely to prednisone therapy. In addition, prompt 
treatment of rejection at any time with prednisone is as- 
sociated with the rapid disappearance of the inhibitor 
from the circulation. Once the inhibitor has been elevated 
in the circulation for a period of time or once rejection 
has been well established, however, the effect of predni- 
sone on the inhibitor is decreased. Hence, it is possible 
that serum levels of the inhibitor may also be of value as 
an index of the adequacy of rejection therapy. 


Summary 


After allotransplantation in animals or man, an inhibi- 
tor of the conversion of the third component of human 
complement appears in the circulation. The generation 
of this inhibitor appears to be related to rejection of the 
allograft. The inhibitor is generated in both first and 
second set allograft rejections. In 13 of 15 animals who 
received no immunosuppression, the inhibitor occurred 
within the first hour after transplantation; in 7 of 14 
patients who received both azathioprine and prednisone, 
inhibition appeared within the first 48 hours. In the ani- 
mals, rejection was present by the fourth postoperative 
day. In 5 of the 7 patients, a rejection episode took place 
within 8 days of the appearance of the early inhibitor. 
The presence of the inhibitor in the circulation appears 
to be sensitive to prednisone and ALG, but is insensitive 
to azathioprine even in high doses. The appearance of 
the inhibitor can help to predict the onset of rejection 
and serves as a means to differentiate rejection from other 
causes of decreased urinary function following renal 
allotransplantation including recurrent glomeruloneph- 
ritis in the transplanted organ. Its disappearance during 
treatment of rejection may serve as an indicator of the 
adequacy of such therapy. 
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Complete Transposition of *he Great Vessels Associated with 
Patent Ductus or Aortic Coarctation: 


Blalock- Hanlon and Retroesophageel ici of the Ductus Through Right 


-Thoracotomy. 


F. AL’YAREZ-DIAZ, M.D., J. M. BRITO, M.D., G. CORDOVILLA, M.D., 


A TRIAL SEPTECTOMY has given excellent resul's as 
palliative surgery in the complete transpositicr of 
the saad vessels (CTGV) and in certain cases of other 
congenital heart anomalies, such as tricuspid atzesia, 
total anomalous pulmonary venous return and hiporfdasic 
right ventricle. This surgical procedure permits cross- 
flow between the pulmonary and systemic circulatior. 

Cornell* described several pulmonary complicet:ons 
after atrial septectomy. We have encountered sivilar 
complications in small infants with CTGV and associated 
cardiac anomalies such as ductus, ventricular septal 
defect (VSD) or coarctation of the aorta. 

In cases of CTGV with patent ductus arteriosu3 or 
coarctation of the aorta, in which aortography demon- 
strates a large systemic pulmonary shunt, the ideal 
solution is to correct the associated anomalies and to per- 
form concomitantly an atrial septectomy. Resuts of 
the Blalock-Hanlon or Rashkind procedures have & nigh 
rate of mortality when used alone. 


Material and Methods 


Our experience with five instances of complete t-ans- 
position of the great vessels, surgically treated at the 
Children’s Hospital “La Paz” in Madrid, is reperted. 
All patients had intact ventricular septa; four instences 
were associated with patent ductus arteriosus, amd the 
fifth patient had juxtaductal coarctation of the zorta. 
All five patients had left aortic arches as well as left 
. descending aortas. 

‘In all cases a Blalock-Hanlon operation was per- 





Submitted for publication March 28, 1972. 


J. PEREZ DE LEON, M.D. 


From University Hospital.“Ciudad Sanitaria La Paz,” 
Childrens Hospital, Department of Surgery 
(Dr. M. Borda) Madrid, Spain 


formed, concomitantly with ligation of the ductus and 
resection of the coarctation of the aorta. 


Surgical Technic 

A right thoracotomy through the fourth intercostal 
space is performed in all instances. The lung is re- 
tracted anteriorly and the azygos vein is ligated and 
sectioned. . 

The back of the esophagus is carefully dissected, 
freeing a length of 6 to 8 cm. from the level of the main 
right bronchus. A tape is passed around the esophagus 
in order to move it anteriorly (Fig. 1). 

The retroesophageal descending aorta is dissected 
beginning 1-2 cm. from the left subclavian artery and 
continuing proximally until the ductus is freed com- 
pletely. A 3 mm. wide cotton tape is passed around 
the ductus, which is occluded with three ligatures. A 
strong ligature is placed between the first two in order 
to avoid loosening and for subsequent canalization 
(Fig. 2). Once the esophagus and the right lung are 
replaced in position, the pericardium is longitudinally 
opened, and an atrial septectomy is performed accord- 
ing to the Blalock-Hanlon technic. 


Results 
Table 1 summarizes our cases. Of the four patients 
who had complete transposition of the great vessels 
with patent ductus arteriosus, one, an 11-day-old infant 
who had a previous Rashkind proceduré, died in the ` 
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immediate postoperative period due to the respiratory 


insufficiency. In the other three patients, the postopera- 
tive period was without complications. 

The instance of associated aortic coarctation was 
corrected by sectioning of the aorta and end-to-end 
anastomosis; in addition, a Blalock-Hanlon procedure 
was performed. The patient is in good general condition, 
2 years after operation. 
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TABLE 1. Results 
Age Deaths 2 
No. tt tt aS) S $ 
Patients O-im. 1-2m. 2-3 m. Early Late vivors 
Patent Ductus 
Arteriosus 4 1 3 1 — 3 
Aortic Coartation 1 i — — i 
Total 5 1 n 4 


Discussion 


The anomaly most often associated with CTGV is pat- 
ent ductus arteriosus.® These patients require early sur- 
gical treatment, usually during the first 2 months of life 
when the ductus is still, in many cases, physiologically 
patent (Table 2). 

Many cases are described in the medical literature in 
which the ductus was ligated and an atrial septectomy 
was performed, but there is no mention of the technic 
used. Some authors describe the ligation of the ductus 
or the resecting of the aortic coarctation through a left 
thoracotomy, performing a Blalock-Hanlon pee 
in a second operation. 

The usual method is to perform a Rashkind procedure 
at the time of angiocardiographic study. The ductus 
is later closed by a left thoracotomy. 

The use of a balloon atrioseptostomy, in those pa- 
tients with hemodynamically important ductus arteriosus, 
has a high rate of mortality (Rashkind and Miller’). 
This is due to postoperative pulmonary complications 
caused by increased pulmonary flow and high presstres 
existing in the left heart chambers. 

Our results in these five instances show the effective- 
ness of our method in the palliative treatment of severe 
hypoxemia and heart failure in these infants. With the 
usual surgical procedures, a high rate of mortality can be 
expected. 

The surgical technic is simple and can be used in all 
instances of left aortic arch and left descending aorta. 
When the aortic arch and descending aorta are on the 
right the approach to the associated lesion is obviously 
through a right thoracotomy. 

In cases of CTGV with VSD and associated with patent 
ductus, the ligation of the ductus, a Blaléck-Hanlon 
septectomy and a banding of the pulmonary artery 
can be performed in the same operation. 





TABLE 2. Complete Transposilion of the Greal Arteries Associated 
with Patent Ductus Arleriosus 
Hanlon Ferguson Elliott 
P.D.A, Blalock ef al, Boesen el al. Liebman et al. 
Associated (1948) (1960) {1963) (1963) {1969) 
Total Cases 68 123 132 60 363 
P. D. A. 44 57 60 57 $26 
Per Cent 64% 46% 45% 95% 62% °* 
, Greater 4 man- 
diam.—30 % 
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Summary 


The technique of retroesophageal approach, through 


-a right thoracotomy, to the ligature of a ductus arteric- 


sus or to the resection of an aortic coarctation in ada:- 
tion to a Blalock-Hanlon septectomy, is described. 

The, first five instances of CTGV with intact septa 
surgically treated with this technique, are presented. Four 
patients, in addition, had hemodynamically importert 
ductus, and the other had an associated coarctation cf 
the aorta. One of the patients died postoperatively. 

The high incidence of CTGV associated with duces 
arteriosus (40-60% according to different authors) and 
the high rate of mortality obtained with the usual surgi- 
cal procedures, is discussed. 

Because of good results and simplicity of the prace- 
dure, we recommend this technique in cases of CTGV 
with associated ductus or aortic coarctation. An id2al 
palliative result can be obtained with simultaneous ase 
of septectomy and correction of the associated anomely. 
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cephalexin monohydrate 


a20%-30% 
price reduction’ 
within 12 months 


-Reductions vary by dosage form 


*250-mg.' Pulvules® of cephalexin monohydrate 
reduced 24% 

-Identi-Dose®* (unit dose medication, Lilly) 
reduced 19%-23% 


~~ d 
* . , : i m 
‘Based on price reductions by Eli Lilly and Company Additional information available \\ a 
to distributors in 1972 and 1973 F, to the profession on request. ` > 
, ‘ 7 Eli Lilly and Company ; a 
tEquivalent to cephalexin 7 Indianapolis, Indiana 46206 he 2 
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When parenteral analgesia 
is no longer required, 
Empirin Compound with 
Codeine usually provides the 
relief needed. 


HERE Sutures 





Empirin Compound with 
Codeine is effective for 
visceral as well as soft tissue 
pain—provides an antitussive 
bonus in addition to its 
prompt, predictable 


analgesia. 
e 


ill prescribing convenience: 
up to 5 refills in 6 months, 
at your discretion (unless 
restricted by state law); by 


telephone order in many states. 


Empirin Gompound with 
Codeing. No. 3, codeine 
phgsphate* 32.4 mg. (gr. Y2); 
Ng. 4, eedeine phosphate* 
Bhhg. (gr. 1).*Warnir g— 
fa” be habit-forming. Exch 
ae also contains: aspirin 
gr. 3%, phenacetin gr. 2%, 
caffeine gr. 1. 
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but it still 
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c CODEIN 


#3, codeine phosphate* (32.4 mg.) gr..¥ 
#4, codeine phosphate* (64.8 mg.) or. ù 














